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ABSTRACT

This thesis describes the measurement procedures employed to effectively
characterize the Lucent Technologies Communications Signal Processor (CSP1009). The
results of these measurements are presented and discussed. This study was conducted on
the first prototype to be manufactured. The CSP1009 is the analog baseband integrated
circuit chip in a three-chip system designed for use in 900 MHz cordless telephones. It
was fabricated using a 0.3um CMOS process. The CSP1009 contains several amplifiers
including a programmable gain amplifier (PGA), a telephone line driver amplifier and a
speaker driver amplifier. In addition, it contains a charge pump for use in a phase lock
loop circuit, a bandgap reference, an analog to digital converter (ADC) and a digital to
analog converter (DAC). The amplifiers were characterized by measuring three
quantities: gain, power supply rejection ratio, and total harmonic distortion (THD). The
output current of the charge pump was measured. The voltage of the bandgap reference
was measured at different temperatures. The current consumption of the individual
modules was also measured. All of these measurements were taken over process
variations and over changes in the power supply voltage. The programmable gain
amplifiers have gains ranging from 0dB to 44dB, PSRR of approximately 50dB, and
THD less than 0.2%. The reference voltage of 1 VDC is derived from the bandgap
voltage reference. The charge pump output current is programmable and ranges from
100pA to 1600pLA. The total current consumption of the CSP1009, under loaded
conditions, was approximately 7mA. Most of the modules on the first prototype of the

CSP1009 performed adequately. However, a few anomalies were found. These include a
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DAC offset, low charge pump current, PGA feed-through, and the frezluency response of

the double sampling circuit rolled off at a lower frequency than expected.
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Chapter 1 Introduction

1.1 Introduction

An overview of the Lucent Technologies Communications Signal Processor
(CSP1009) and the system for which it was designed is discussed in this chapter. In
addition, a brief history of the cordless telephone will be presented. This will include a
discussion of the advantages and improvements associated with the 900 MHz-frequency
range. It should be pqinted out that due to the proprietary nature of the modules in the

CSP1009, no detailed circuit diagrams are shown or analyzed in this thesis.

1.2 History of the Cordless T elephone

With the advent of the cordless telephone in the early 1980’s, people could roam
about their places of residence or business free of cords, all the while, having a
conversation with a friend or client. This was viewed as being a major convenience. No
longer were people restricted to sitting within a few feet of the telephone. However, as
cordless telephones became more popular, the problems became more evident. When the
first cordless telephone hit the market, the Federal Communication Commission (FCC)
decided to use the 46 MHz band for transmission and the 49 MHz band for reception,
relative to the base station [FCC1]. The operation within this band was limited to the use

of ten channels or ten different frequencies and was later increased to 25.




There were several problems associated with a limited number of channels.

Padgett (1984) outlines several of these problems as being. One problem was the
possibility that two different users could be on the same frequency. This would lead to
interference, with one user’s conversation being audible on anothér user’s line. In
addition, the telephones were transmitting an analog signal, which made encryption of the
transmission difficult and unpractical. Any instrument capable of receiving 46 MHz — 49
MHz and in close proximity of the transmitter could easily intercept the conversation.
Digital transmission would easily facilitate encryption of the information. However, the
bandwidth of the channels was restricted to 20 kHz and a high-rate digital transmission is
not possible within this bandwidth. Finally, with the transmitted power restriction on this
band, the telephones were only capable of transmitting short distances, depending on
their surroundings. Obviously, with the increasing popularity of the cordless telephone,
something had to change.

When the FCC opened the 902 MHz - 928 MHz band, they did a few things
differently. First, they did not set channel bands within the frequency range. The entire
band was open for use. Nor did they restrict the bandwidth used within this band; thus,
enabling the use of digital transmission. In addition, the allowed transmission power was
raised, increasing the effective communication distance. These guidelines provided much
more versatility within the 900 MHz spectrum. It is now possible to search for a clear
frequency band over a much greater frequency range, since there are no longer
restrictions placed on the number of channels; thus, increasing the prob—ability of having

an uninterrupted conversation. It is also possible to encrypt the digital transmission,



which greatly increases privacy and security. Finally, and most important to the
consumer, the increased transmission power greatly enlarges the effective communication

distance, depending on surroundings. |

1.3 The CSP1009 and Supporting Devices

Figure 1.1 shows the current version of the Lucent Technologies 900 MHz
cordless telephone. If one were to go out to his/her favorite department store and buy a
900 MHz cordless telephone, he/she would find four or five major brands. In each of the
different brands of telephones, three integrated circuit (IC) chips make up the system.
This system is found in the base station and the handset. The three chips consist of a
digital signal processor (DSP) chip; an analog baseband chip and a radio frequency (RF)
chip. In each of the different brands of telephones, different brands of chips will be
found. For instance, a particular telephone may contain an American Micro Devices
(AMD) DSP, a Lucent Technologies analog chip and an Analog Devices RF chip. The
manufacturer of the telephone would mix and match, with the major concern being cost.
Lucent Technologies’ plan was to develop a “three chip solution”. That is to

manufacture all three chips and sell them as a package at a cost less than the cost of

mixing and matching. Lucent believed if this could be done, it would give them the
majority of the 900 MHz cordless telephone market.

This thesis concentrates on the analog baseband chip (CSP1009). The
measurements discussed in the following chapters were done on the first prototype that

was fabricated. The characterization was done in June 1998 through August 1998. 1t







supports the W9009 with a frequency synthesizer, a binary frequency shift keying

modulator (BFSK) and a BFSK correlation demodulator. It also contains an analog

CODEC, which consists of an analog-to-digital converter (ADC) and digital-to-analog

converter (DAC).

A block diagram of a basic cordless telephone handset and base station are shown

in Figure 1.2 and Figure 1.3. These figures illustrate how the three-chip system operates

in a cordless telephone. They also show graphically how the CSP1009 fits into the

system. In the handset, some of the responsibilities of the CSP1009 include:

Amplifying, digitizing and modulating (to the intermediate frequency — IF)
the users voice from the microphone, in preparation for transmission by the

WS009.

Demodulation, digital-to-analog conversion and amplification of the received

. signal, which is routed to the speaker.

Aierting the user of an incoming call.

Digitizing and modulating signals from the B900, such as number tones from
the keypad.

Keeping the phase lock loop synchronized by generating current pulses that

control the voltage controlled oscillator.

In the handset the responsibilities of the CSP1009 include:

e Coupling the ring detection signal to B90O.

* Digitizing and modulating to IF signals from the B900, such as the command

to “ring” the handset.
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Figure 1.2: Block Diagram of a Basic Cordless Telephone Handset
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Figure 1.3: Block Diagram of a Basic Cordless Telephone Base Station

¢ Demodulation, digital-to-analog conversion and amplification of the local
users voice, which is routed to the telephone line.
e Amplifying, digitizing and modulating to IF the received voice signal from the
telephone line.
e Synchronizing the PLL as above.
Figure 1.4 shows simplified block diagram of the CSP1009. It has three front-end
differential amplifiers consisting of two programmable gain amplifiers (PGAi and
PGAZ2), and one programmable microphone amplifier (PGMO). Thé CSP1009 has two

analog differential inputs (AI6P, AI6N and AI7P, AITN) and two single-ended inputs




(AH and AI5). It has three differential output drivers including two line drivers (LDO1

and LDO?2), one programmable speaker amplifier (SPKR), and one single ended output
amplifier (AO4). The ADC has the capability of placing digital words on to the SIO for
the DSP or the RF chip. The DAC has the capability of taking digital words off the SIO

from the DSP or the RF chip. The output of the DAC can be routed to any of the output

amplifiers.
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Figure 1.4: Simplified Block Diagram of the CSP1009




For the measurements in this thesis, the ADC and DAC are simply connected together.
That is, the ADC does a conversioﬁ and the DAC converts it back. This is indicated in
the figures with the ADC/DAC set into a gray box.

The CSP1009 is available in a 44-pin package and a 68-pin package. The 44-pin
package supports a single line telephone. The 68-pin package supports a dual line
telephone. Figure 1.4 shows the modules and pins available on the 68-pin device. On the
44-pin device, the following pins are not available: AI5, AI7P, AI7N, PGIN2P and
PGIN2N. The measurements discussed in this thesis were all taken on the 44-pin device.

The chip accommodates three separate power supply connections. These include
the SPKR amplifiers supply, VDDS and VSSS, the LNDV amplifiers supply, VDDL and
VSSL, and the remainder of the analog circuitry supply, VDDA and VSSA. For these
measurements VDDA, VDDS, and VDDL were in the range of 2.8 VDC to 3.7 VDC.
VSSA, VSSS, and VSSL were all grounded.

This thesis will address the following issues in relation to the modules within the
CSP1009; verify the functionality, test to ensure that all of the specifications are met,
identify any problems with the device, and determine testing procedures to document
those problems. In addition to these tasks, a characterization procedure will also be
developed. This will be done in order to document the process, which in turn can be used
as a testing guide for any similarly designed ASICs. In an effort to minimize
measurement time and simplify the characterization process, an automated testing

procedure will be developed.



Chapter 2 Theory of Operation of the CSP1009 and Tests Conducted

2.1 Introduction

This chapter will describe the modules within the CSP1009. The information will
include the purpose of the module. This chapter also contains some basic information on
the software programmability of the CSP1009, which includes discussion about the

registers and what operations those registers control.

2.2 Programming the CSP1009

Many of the modules on the CSP1009 are software controllable. As far as the
system is concerned, the BOOO (DSP) communicates with the CSP1009 through a serial
input/output interface (SIO). This interface uses four pins on the CSP1009. For the
procedures discussed in ﬂliS paper, the CSP1009 was connected to a personal computer
(PC) through a Joint Test Association Group (JTAG) interface. A text file from the PC is
compiled to digital signal processing (DSP) assembly language, then sent to the JTAG
module via the serial port. The JTAG interface then downloads the assembled code to
the CSP1009. The code is stored in 16 bit registers. The information in the registers
controls certain operations of the CSP1009. The Lucent Technologies CSP1009 Data
Sheet contains a complete discussion of the SIO and the registers. However, for this

thesis, only a basic description of the software control will be presented.
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A couple of the registers will be discussed to give the reader a feel for what the
registers are and what they control. The two most used registers in this study are shown
in Figure 21 The “CODEC CONTROL REGISTER?” controls what modules on the
CSP1009 are enabled/disabled. Table 2.1 gives the bit locations and defines the
abbreviations used in Figure 2.1. The modules are enabled by writing a 1 to the
appropriate bit locaﬁon or disabled with a 0. The “CODEC GAIN REGISTER?” controls
the gains of the programmable gain amplifiers. The four bits for each amplifier allow 16
gain settings. The gain is set be writing the binary number that corresponds to the desired

gain setting (shown in Chapter 3) to the appropriate location.

2.3 Processing Variations

There are approximately 10-15 processing steps involved in fabricating a CMOS
IC. During these steps, a number of different procedures are carried out. These
procedures include etching, diffusing and annealing. Each of these procedures is a
carefully and precisely timed event. When fabricating a large number of these IC chips,
the goal is to ensure that the operational characteristics of each of the chips are identical.
The precise duplication of the précedures outlined above is necessary for this to occur.
However, during the fabrication process, there exists a certain range of error. Therefore,
the prototypes tested for this thesis were supplied in three process variations from the
Lucent Technologies foundry. The process types were characterized as slow, nominal
and fast. The slow and fast designators refer to the worst case variations at both ends of

the process.

11
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Figure 2.1: Two of the 16 Registers on the CSP1009

Table 2.1: Bit Locations and Descriptions for Figure 2.1

Bit Location | Abbreviation Description

[15] FILT Filter — not used or discussed in this thesis
[14] CLINE Discussed Later in this chapter

[4] CDCEN ADC/DAC enable/disable

[3] D4EN AO4 amplifier enable/disable

[2] L2EN Line Driver 2 enable/disable

[1] L1EN Line Driver 1 enable/disable
[0] SPKEN Speaker driver enable/disable
[15-12]* PGA2 Programmable gain amplifier (2) gain settings
[11-8]* PGMO Programmable gain microphone ampliﬁer_ gain settings
[7-4]* PGAl Programmable gain amplifier (1) gain settings
[3-0]* SPKG Speaker amplifier gain settings

* CODEC gain register

12




The slow chip is fabricated by purposely delaying some or all of the procedures.
In contrast to this, the fast chip is rushed throﬁgh the fabrication ﬁrocedures, thus,
spending less time at some or all of the points during the process. The nominal chip
proceeds through the process at the design rate of speed. Therefore, this chip has the
greatest probability of being manufactured. The importance of producing these three
types of IC chips is to give the circuit design engineer a better under;tmding of how the

circuit behaves under these extreme conditions.

2.4 Double Sampling

The digital-to-analog converter (DAC) presents an analog signal to the output
amplifiers. Preceding the output amplifiers (AO4, speaker and line driver), there is a
double sampling network. The double sampling network gets its name from the fact that
it effectively doubles the sampling rate. Figure 2.2 shows the double sampling network.
The analog signal from the DAC is in the form of steps. An example of this signal is
shown in Figure 2.3. This figure shows a 1 kHz sine wave sampled at 32 kHz. The
double sampling network samples this analog signal and holds it for the output
amplifiers. The two SAMPLEP switches allow the DAC output to be sampled at a rate of
16kHz or 32kHz depending on the selected mode. The two SAMPLEP switches operate
on the same clock signal. Therefore, they open and close at the same time. The switches,
02 and ¢3 operate with clock signals that are out of phase with each other. This allows

the network to smooth out the DAC signal. Therefore, the double sampling network is
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essentially a smoothing filter. To demonstrate this effect, Figure 2.4 shows the 1 kHz

signal from Figure 2.2 sampled at 64 kHz.

2.5 AO4 Amplifier

The AO4 amplifier is a single-ended amplifier. It has no specific purpose and it
was included only as a spare general-purpose amplifier. The input is connected to the
DAC. The output of the AO4 amplifier is connected to pin AO4. The AO4 amplifier is
displayed in Figure 2.5. The gain of the amplifier is set by feedback resistor Rf and

resistor R1. The gain is calculated using
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Figure 2.4: A 1kHz Sine Wave Sampled at 64kHz to show the Effects of Double Sampling
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Figure 2.5: Simplified Block Diagram of the AO4 Amplifier

AO4 _Gain= 1+ﬁ = 1+-7ﬁ =2.9=90.25dB. (2.1)
Rl 4.0k

The 1.001kQ2 resistor shown in the figure is a compensation resistor. This resistor is used

to improve the stability of the amplifier.

2.6 Bandgap Voltage Reference

A voltage reference is a DC voltage source that has a very low temperature
coefficient. A bandgap voltage reference is a DC reference that is realized by “canceling
the negative temperature dependence of a pn (diode) junction with a positive temperature
dependence from a PTAT (proportional to absolute temperature) circuit”
[JOHNS&MARTIN1]. A simplified block diagram is shown in Figure 2.6. The pn
junction is the base-emitter voltage (.VBE) of the transistor connected as a diode. The Vgg

voltage can be shown to have about a —2.0mV/°C temperature coefficient. The PTAT, or

16



thermal voltage (V1) generator, can be designed to have a positive temperature
coefficient. The magnitude of the positive temperature coefficient will depend on the
actual design of the generator. Regardless of the magnitude, the voltage can be increased
using some gain, K, to approximately +2mV/°C. This will effectively cancel out the
negative temperature coefficient of the Vgg when the two voltages are summed together,
thus, producing a voltage that is stable with respect to temperature. For silicon with a
bandgap voltage of 1.266V, the reference voltage will be approximately 1.26V. The
reader is encouraged to see Johns & Martin (1997) for a detailed analysis of this
phenomenon. Figure 2.6 is shown in most of the literature. It gives the reader a general
view of how the bandgap reference operates. However, the figure may give a distorted
view of what the actual circuit might look like. The following discussion is presented to
clarify this. It may or may not be a representation of the bandgap circuit used on the
CSP1009.

Figure 2.7 shows a simplified circuit diagram of a bandgap reference. Brokaw
(1974) presents this circuit and analysis. The amplifier with the feedback loop will hold
the voltage, at the collectors of Q1 and Q2 equal. By sizing the emitter of Q, some x
times larger than Q;, a Vgg mismatch is introduced in the transistors. Since R, = R, the
currents, Ir; and Iz, must be equal.
The circuit gives

Vegr = Vg + Vs | @2)

where

Ve =Ips R, =2-Ip; R, @.3)
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Figure 2.6: Simplified Block Diagram of a Bandgap Reference

since
Tpg=2-Ips. - 2.4)
Also
IR3 — VR3 = szz _VBEI = AVBE ) (2.5)
R, R, R,
Substituting (2.5) into (2.3) gives
2-AV,..-R
Vg = ——BE "4 (2.6)
R, ‘
Substituting (2.6) into (2.2) gives
2R
Veer = Vo + R_4 AV 2.7

3
Johns & Martin show that the “difference of two base-emitter junctions (AVgg) biased at

fixed but different current densities” make up a PTAT generator.
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Figure 2.7: Simplified Circuit Diagram of a Bandgap Reference

Recognizing that

K= , (2.8)

it becomes clear that Equation 2.7 realizes the general function shown in Figure 2.5.
The bandgap reference measurements described in this thesis are actually for a
voltage of approximately IV. This voltage (VREF) is derived from the bandgap voltage

of 1.26V.

2.7 Charge Pump

The charge pump in the CSP1009 is part of the phase lock loop (PLL) circuit.
Figure 2.8 shows the modules of the PLL that are in the CSP1009. The external voltage
controlled oscillator’s (VCO) signal comes into the CSP1009 (PSIN) from the W9009

(RF chip) after being pre-scaled down in the W9009. The VCO signal goes through a
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Figure 2.8: Simplified block.diagram of the Charge Pump and Supporting Modules

divide-by-(N + 1) counter and is fed to the phase comparator. The external system clock
(10.24 MHz) comes into the CSP1009 (OSCIN) and goes through a divide-by-(R + 1)
counter before reaching the phase comparator. The phase comparator then issues a
command to the charge pump. This command can be either pump up (CPUP) or pump
down (CPDN) depending on the phase relationship of the two signals. The charge pump
then adjusts its output accordingly. This output (CPOUT) is fed to the VCO through a
loop filter to synchronize the VCO with the reference clock. The R and N values are set
by the binary value of their respective registers. The charge pump is enabled and
controlled by the synthesizer (SYNTHC) register. The entire PLL circuit is

enabled/disabled by setting or clearing bit 11 of the control register.
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2.8 Line Driver Amplifier

The line driver (LNDV) amplifier is a differential amplifier made up of two
single-ended channels. It couples the user’s voice to the telephone line via a line-

matching transformer. It is capable of driving both a 1200€2 transformer with a

differential output and a 600€2 transformer with a single-ended output. The amplifier has
2 gain settings, 6dB and 12dB. However, the 12dB gain is only possible with a power
supply voltage above 3.3V. This insures no signal clipping. A simplified circuit diagram
of the LNDV amplifier is shown in Figure 2.9.

The amplifier consists of two identical channels. For this reason, only one will be
discussed. The gain is set by the feedback resistor, Rfa, and resistors R1a and R2a. The
CLINE control bit makes the MOSFET appear as a short (with a small on resistance) or

an open. When CLINE = 0, resistor R2a is in the circuit and the gain is

Rfa __, 4.5k

=1+ =2.13=6.58dB. (2.9)
Rla+R2a 1.22k +2.75k

LNDV _GAIN =1+

When CLINE = 1, resistor R2a is shorted out and the gain is (neglecting on resistance):

Rfa 1, 45k _ 4 68-13.424B (2.10)

Rla 1.22k

LNDV _GAIN =1+

2.9 Programmable Gain Amplifier
The programmable gain amplifier (PGA) is a differential front-end amplifier. Its
main purpose is to maintain the signal level, at the input of the analog-to-digital converter

(ADC), to approximately the full-scale value. Software monitors the voltage level
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Figure 2.9: Simplified Block Diagram of Line Driver Amplifier

coming into the ADC and automatically adjusts the gain of the PGA to keep the signal

level near the full-scale value. When the ADC sees a full scale input, the resolution of

the ADC is maximized.

A simplified block diagram of the PGA is shown in Figure 2.10. The CSP1009

contains two identical PGAs, PGA1 and PGA2. For this reason, only PGA1 was

characterized in this thesis. The inputs to the PGA are connected to the pins, PGIN1P

and PGIN1N. The PGA receives the voice signal from the telephone line and couples it

to the ADC through an anti-aliasing filter. The purpose of an anti-aliasing filter is to
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Figure 2.10: Simplified Block Diagram of Programmable Gain Amplifier

“limit the bandwidth of the analog signal to less than half the sampling frequency”
" [DATEL1]. This ensures a high enough sampling frequency to prevent an alias
frequency from being recovered. The anti-aliasing filter is a low-pass filter with a 3dB
frequency of 3.7 kHz. This attenuates the voltage of any frequencies outside of the voice
band before entering the ADC. The voice band includes frequencies up to 4 kHz.

The amplifier is made up of two identical channels. Therefore, only one will be
discussed. The channels are biased at the reference voltage (VREF). VREF is
approximately 1VDC. The gain of the PGA is selected by setting switches S1 through S8

open or closed to achieve the desired gain. The switches are actually MOSFET devices.
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Their gates are driven by a network of digital logic that has a 4 bit binary input. This

binary input selects one of the 16 different gain levels. The gain of the PGA ranges from
0dB to 28dB in increments of 2dB. The binary selection is done by setting bits [7-4] of

the CODEC control register.

2.10 Programmable Gain Mi crophone Amplifier

The programmable gain microphone amplifier (PGMO) is also a differential
front-end amplifier. It is very similar to the PGA. Therefore, only the differences will be
discussed-in this section. The simplified block diagram of the PGMO is displayed in
Figure 2.11. The PGMO amplifies and couples the user’s voice to the ADC through the
anti-aliasing filter. The inputs to the PGMO are the pins, MAP and MAN. The gain of
the PGMO is programrried by setting bits [11-8] of the CODEC control register. The

possible gains range from 16dB to 44dB in increments of 2dB.

2.11 Speaker Amplifier

The speaker (SPKR) amplifier is a diffefential output amplifier. It is similar to
the LNDV amplifier. Figure 2.12 shows a simplified block diagram of the SPKR
amplifier. The inputs of the SPKR amplifier are connected to the DAC. The
programmable gain settings are from —14dB to 14dB in increments of 2dB. The gain is
set using bits [3-0] of the CODEC control register. The outputs of the SPKR ampliﬁer

are connected to the pins, SPKP and SPKN.
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Chapter 3 Measurement Consid erations and Procedures for the

CSP1009

3.1 Introduction

This chapter describes in detail the methods used to accomplish the measurements
and gather the data. In addition, the test equipment used in making the measurements
will be described. The chapter is split into sections; each section pertains to a module on
the CSP1009. Within the various sections, the different tests that were performed on the
module are described.” There are two major reasons for doing these measurements. First,
the functionality of the modules had to be confirmed. Second, the modules were
characterized by the data obtained from the measurements.

The characterization results allow the circuit designers to thoroughly check their
modules and compare the actual performance with the design goals. This enables them to
find anything that may have been overlooked, and better understand the effects of process
variations; thus, producing information that is valuable when making future
improvements.

The Lucent Technologies Systems Group in Allentown, Pennsylvania provided

the test board for the measurements. The board was basically the circuit board used in

the telephone handset with some modifications. The board contained a plug-in socket for

the CSP1009 to allow for easy insertion and removal. A serial input/output interface was
available to allow downloading of the control registers with a PC via a JTAG module.

The Microelectronics Group Téchnician, Dale Muffley, did most of the modifications.
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The modifications included separating the power supply lines for separate access. The
reason for this will become clear later in this chapter. In addition, test pins were soldered

to access points needed for a specific test.

3.2 Test Equipment Used

Audio Precision, System Two
The Audio Precision, System Two (AP) was used to generate all of the various
input signals. The AP was also used to take the gain, power supply rejection ratio
(PSRR), and total harmonic distortion (THD) data. The hardware interfaces with
a PC. The AP has its own software and is only controlled using this software.
The programming consists of selecting specific modules and linking them
together to achieve the desired input and output display characteristics. The
instrument can be used as a function generator, which is programmed to supply
the desired input to one channel; then, data are read on another channel. The AP
can be programmed to perform a fast Fourier transform (FFT) and plot the signal
amplitude in decibels with respect to frequency. The AP also can be programmed
to sweep a set of desired frequencies, while calculating the THD. The THD is
then plotted with respect to frequency. The AP is a complete testing system and
has the capability of operating over a frequency range of dc to 100kHz. For the
measurements discussed in this paper, a frequency limit of ZOkHz‘.:was irhpose;d.
The AP a.léo allows an external DC voltage level to be modulated with a

sinusoidal signal. This procedure was used in the PSRR measurements. For the
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| gain and PSRR measurements, an arbitrary waveform was used. This waveform
consists of common frequencies below 20kHz. This will be described in detail
later in this chapter. The AP’s software used to accomplish the tasks performed
in this chapter had been previously installed by the Microelectronics Group
Circuit Designer, Kouros Azimi. However, some modifications were made to
these programs to facilitate automated testing.

LeCroy Digital Oscillbscope
The LeCroy model LC574AL is 4-channel digital oscilioscope. It was used to
capture the data taken for the charge pump. The scope contained a serial interface
that allowed data to be pulled into the PC. It was also used for generai signal
measurement and monitoring.

Temptronic Temperature Control Machine
The Temptronic model TP04010A ThermoStream was used to control the

package temperature of the chip during the bandgap reference measurements.

3.3 Important Notes
There are a few important notes that should be kept in mind when considering the
measurements discussed in this chapter. They are as follows:
e All of the measuremerits were taken at room temperatum (25°C), unless
otherwise noted.
e Each of the modules discussed were tested on iptegrated circuits from three

different processes, slow, nominal and fast.
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e The outputs of the programmable gain amplifier (PGA) and programmable
gain microphone amplifier (PGMO) cannot be accessed directly. Therefore,
they were routed through the speaker (SPKR) amplifier, with the voltage gain
set to 0dB. Thus, the voltage gain of the SPKR amplifier will not change the
overall system gains. However, it does affect the PSRR and THD results for
the PGA and PGMO.

e When tests were done with full-scale outputs, the output was first checked
with an oscilloscope to insure no signal distortion. This was done prior to the
data being recorded.

e The mention of sampling or no sampling refers to the double sampling

modules in front of the output stages.

3.4 Arbitrary Waveform

The Microelectronic Group’s Technician, Dale Muffley previously programmed
the arbitrary waveform used in the measurements. The frequencies desired in the
arbitrary waveform are placed into a spreadsheet file and the AP reads this file and
creates the waveform. The AP gives all of the frequencies equai amplitudes and adds
them together linearly. The composite signal is then scaled to the mplitude desired by

the user. Table 3.1 shows the arbitrary waveform frequerfcies’ usedl in the gain and PSRR

measurements. This waveform is shown in Figure 3.1.




Table 3.1: Arbitrary Waveform Frequencies Used in Gain and PSRR Measurements

Frequency (Hz)

20

50

100

200

500

1000

2000

3000

4000

5000

6500

8000

10000

12000

15000

20000

0.5

0.4

0.3
0.2

) 9

0.1

= ——

Amplitude (V)
o

-0.2 d m ; i I
: ! VIl t ; i il
'03 ¥ lv I m 1
-0.4 .
-0.5
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
Time (s)

Figure 3.1: Two periods of the arbitrary waveform used in the gain and PSRR measurements.
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Two periods of a 1Vpp waveform are shown. The amplitude shown is arbitrary; the |
amplitude changes from test to test.

The arbitrary waveform is used to eliminate the need of changing the input signal
a number of times during the measurement process. This cuts down the testing time and
simplifies the procedures. When the arbitrary waveform is used, the AP takes a
measurement by tuning a bandpass filter to each one of the frequencies in the arbitrary
waveform. At each of the frequencies, a measurement is taken. When measurements
have been taken at all of the frequencies the AP compiles the data and plots a graph
versus frequency. When “arbitrary waveform” is mentioned in this and following
chapters it refers to the arbitrary waveform discussed in this section. The amplitude of
the waveform changes from test to test, but the frequency components remain the same

throughout.

3.5 Amplifier Measurements

Three measurements were taken to characterize the amplifiers. These
measurements were voltage gain, power supply rejection ratio, and total harmonic

distortion. This section provides a brief explanation of each of these measurements and

explains why each is important.




I
x

3.5.1 Gain

The gain of an amplifier is essentially the whole purpose and definition of an
amplifier. There are many types of gain. The important one for this paper is voltage
gain. It is easily illustrated in the following equation in which the multiplying factor K
represents the gain of the amplifier:

Output _Voltage = K X Input _Voltage G
To measure the gain the arbitrary waveform is applied to the inputs of the amplifier. A
measurement of this iﬁput signal is taken with the AP. Next, a measurement at the output
of the amplifier is taken. The voltage gain can then be calculated using the equation

Gain = Measured Output Decibel Level - Measured Input Decibel Level.  (3.2)

3.5.2 Power Supply Rejection Ratio

Noise can easily be introduced through the power supply lines. Some examples
would be the 60 Hz hum from the ac line voltage or the noise from digital circuits that are
attached to the same supply. In addition, the CSP1009 was designed for battery
operation. The battery voltage can fluctuate from changing load conditions. The power
supply rejection ratio (PSRR) is a measure of the amount of noise coupled from the
power supply lines to the output of the amplifier. It is usually given in décibels (dB)"

form and is calculated using Equation 3.3.

3.3

PSRR = 20x10g,, ( signal amplitude on the power supply )

signal amplitude at the output

The amplitude, or the peak-to-peak voltage, could be used in this equation. The

following example clarifies this measurement. The power supply voltage is modulated
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with a 0.5Vpp 1 kHz signal. At the output of the amplifier, the 1 kHz signal is measured
to be 0.005Vpp. This results in a PSRR of 40dB.

The PSRR of the amplifiers was determined by modulating the power supply
voltage with a 0.5Vpp arbitrary waveform for the differential case. The 0.5Vpp signal
was used to obtain a large variation of the supply voltage. For example, at a supply
voltage of 3.3V the voltage would actually be varying from 3.05V.to 3.55V. A
differential output will increase the PSRR. Since both channels of the amplifier are using
the same supply causing the outputs to vary similarly. Therefore, looking at the outputs
differentially the change is not observed. However, the single-ended output does not
share this benefit since one end of the load is tied to ground. Therefore, a much smaller
signal, a 0.1Vpp arbitrary waveform was used to modulate the power supply voltage in

the single ended case. The PSRR of the amplifier was calculated using Equation 3.4.

PSRR = Measured Decibel Level of the Supply - Measured Output Decibel Level  (3.4)

3.5.3 Total Harmonic Distortion

A harmonic frequency is a multiple of some fundamental frequency. For
example, a 1kHz fundamental frequency has harmonics at 2kHz, 3kHz, 4kHz, ..., and all
other integer multiples. “When a single-frequency signal is applied to the input of an
amplifier, the output waveform may contain frequency components that include the
fundamental and several harmonics” [PIERCE&PAULUS1]. These harmonics are
generated from the nonlinear transfer characteristics of the active devices in the amplifier.

Therefore, the THD can be interpreted as a measure of the amplifier’s linearity. The
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THD is the root-mean-squared (rms) value of the harmonics of some fundamental -
frequency given as a percentage of the rms value of the fundamental. The equation for

THD is

\/ (2nd - harmonic)2 + (3rd _ harmonic)2 + (4th - harmonic)2 +-

\/ (fundamental )*

THD =

Some common values for the harmonics and fundamental are amplitudé or peak-to-peak
values. The important thing is to keep them consistent. For the purpose of this thesis, the
THD calculation was limited to the fourth harmonic of the fundamental.

The THD of the amplifier was tested at various gain settings. To give the
measurements a common reference point, an output signal amplitude was chosen. That
is, every THD measurement was taken with the amplifier supplying the same output
signal amplitude. Therefore, the input signal amplitude has to be éhanged when the gain
is changed. A typical mid-scale output signal value of 0.5Vpp was used. Once the
output signal is adjusted to 0.5Vpp the AP then scans through the test frequencies and
automatically calculates the THD at each frequency. The AP calculates the THD out to
the fourth harmopic.

Table 3.2 shows the test frequencies used for the fundamental frequencies in the
THD measurements. The THD was measured over this range to cover the frequencies in

the voice band.
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Table 3.2: THD Test Frequencies

THD (Hz)

20
25
32
40
50
62
80
100
130
160
200
250
320
400
500
620
800
1000
1300
1600
2000
2500
3200
4000

5000




3.6 Automated Testing

| Many of the measurements discussed in this chapter are repetitive. Because of
this repetitiveness, an automated testing procedure was developed while taking these
measurements to reduce the testing time. A basic overview with some specific points
will be discussed in this section.

The software for ihe AP includes a Visual Basic editor. Visual Basic simplifies

port access and communications from a PC to an external device via a serial interface. A
Tektronix programmable power supply was procured. This allowed the power supply
voltage to be ch#nged using software. The AP is fully software programmable. The
software was written so that it controlled every aspect of the measurement process. For
example; a typical program would do the following: set the power supply to the desired
voltage, download the chip settings to the CSP1009, take the necessary measurements,
aﬂd export the data to a spreadsheet file. A very helpful instance was with the THD
measurements. A loop was used in the software to set the output peak-to-peak voltage of
the amplifier. This was done by automatically adjusting the input vOltage‘ until the output
voltage was approximately 0.5Vpp. Then the desired data were taken. The Visual Basic

programs written to take the measurements are shown in Appendik A

3.7 Power Supply Voltages

The majority of the modules were tested with a power supply voltage in the range

of 2.8V to 3.7V. The CSP1009 is rated for a power supply voltage range of 3.1V to




3.6V. The 2.8V tests were considered exploratory. In the future, on superceding IC
chips, some of these modules on the CSP1009 will be required to operate with a power
supply voltage of 2.8V. While testing this chip, it was desired to find out what modules

may have to be redesigned and what modules would operate satisfactorily at this voltage.

3.8 A04 Mgasurements

3.8.1 Gain

The circuits used to take the gain measurements of the AO4 amplifier are shown in
Figures 3.2 and 3.3. Figure 3.2 shows the circuit without saﬁlpling. Figure 3.3 shows the
circuit with sampling. The input used was a 1Vpp arbitrary waveform generated by the
AP. The AO4 amplifier has only one gain setting and is a single-ended output amplifier. |
The desired gain of the AO4 was approximately 9dB. A 2.2k resistor was placed
between the AO4 pin and ground. The 2.2kQ load is the typic;;?l load of the AO4. This
load ensures that the maximum current drive of the amplifier is not exceeded.

' Measurements were taken at power supply vo}tages of 3.QV, 3.3V and 3.6V. The analog

inputs, AI6P and AI6N are used for these tests. They were routed to the input of the AO4

AI6P
1Vpp Arbitary | Double | AO4 AO4
- Waveform —{ Sampling} 2.2kQ load
AI6N |

Figure 3.2: Circuit used for AO4 Gain Measurements (no sampling)
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AI6P
1Vpp Arbittary | Double AO4 AO4
Waveform Sampling 2.2kQ load
AI6N

Figure 3.3: Circuit used for AO4 gain measurements (sampling)

amplifier. The gain of the amplifier was calculated using Equation 3.2.

3.9 Bandgap Voltage Reference Measurements

The two tests used to characterize the bandgap reference have some common
points that will be discussed here. The temperature was controlled using the Temptronic
machine. This machine flas anozzle attached to the end of an arm. This arm carries the
temperature-controlled air and the nozzle fits down over the device under test. The
temperature recorded was the temperature at the output of the nozzle, which would be the
package temperature of the CSP1009. To insure proper chip tempéfature, .the ch1p was

allowed a five-minute soaking time before the voltage was recorded.

3.9.1 Reference Voltage vs. Temperature

The voltage reference (VREF) is derived from the bandgap voltage reference.
This voltage is tied to'the VREF pin and has a nominal value of approximately 1V. This
test was accomplished by monitoring the VREF pin, as the temperature was varied from -
20°C to 80°C in increments of 20°C. This temperature range was chosen to verify the

operation from the extreme cold to the extreme hot temperature conditions that may be
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encountered in the actual operation of the system. Data were taken at power supply

voltages of 2.7V, 3.0V, 3.3V and 3.7V.

3.9.2 Reference Voltage vs. Supply Voltage at Temperatures of -20°C and 0°C

This test was accomplished by monitoring the VREF pin as the power supply
voltage was varied from 3V down to 1V. This test was done at two temperatures, -20°C
and 0°C. The -20°C temperature was chosen as a worst-case temperature for this test.
This was considered the lowest temperature in which this system would be used. The
0°C temperature was chosen as a more realistic low temperature for the device. The
reference voltage stayed relatively constant before sh@ly dropping off. The power
supply voltagé at which the bandgap reference drops out of regulation was the main
interest of this test. To clarify this, a plot of the resulting data are shown in Figure 3.4

with the point of interest marked.

1.000
- 0.950
0.900
0.850
0.800
0.750 <

N
0.700 VREF [Drop

0.650 N
0.600 Qut Pagint

0.550 —&— Slow Device
0.500 —{li—Nominal Device
0.450 —&—Fast Device

VREF (V)

0.400
0.350
0.300 -
0.250 -
0.200

0.150 /A
0.100
0.050
0.000

1.0 1.1 1.2 1.3 14 15 1.6 17 1.8 1.9 20 21 2.2 23 24 25 26 27 28 29 3.0
Supply (V)

Figure 3.4: VREF vs. Power Supply Voltage with Drop Out Point Indicated
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3.10 Charge Pump Measurements

3.10.1 Current Levels

In this test, the current levels of the charge pump were compared to the desired
design values. To accomplish this test, the charge purﬂp was placed into a test mode by
the software. This caused the charge pump to ignore the output of the phase detector and
simply source or sink the ﬁrograrnmed current. The circuit used to measure the currents
is shown in Figure 3.5.

The charge pump can be programmed for an initial current level (CPI), the
number of reference clock periods to maintain this initial current (PDCNT), and a final
current level (CPF). The PbCNT has a maximum setting of 5 bits (32 periods). The
clock is derived from the divide-by-(R+1) counter. ;I‘ﬁe p;ogramma-ble curren.t values, for
CPI and CPF, are shown in Table 3.3. Also shown are the binary settings for.obtaining a
specific amount of current. The desired amount of current for CPl is programmed by
loading the binary number into bits [7-5] of the synthesizer control register. Loading bits
[10-8] of this register sets the CPF current. Finally, loading bits [4-0] of this register sets

PDCNT. Measurements were taken at power supply voltages of 2.8V and 3.3V.




Charge | CPOUT

Pump |1.0kQload  Terminate resistor to

ground for CPOUT sourcing
current or VDDD for
CPOUT sinking current

Figure 3.5: Charge Pump Test Setup

Table 3.3: Charge Pump Control with Currents

Binary Settings [2:0] Current (LA)
000 175
001 250
010 350
011 500
100 700
101 1000
110 1400
111 2000

A 1kQ resistor was placed at the charge pump output (CPOUT) and, depending on
whether it was sourcing or sinking current, the resistor would be tied to ground or
VDDD. The 1k load was selected to give proper measurement resolution without
creating a large voltage at the output of the charge pump. The charge pump current
ranged from 100pA to 2000pA. Therefore, the voltage across the 1k resistor would

range from 0.1V to 2V. The sourcing or sinking modes were selected by setting bit [14]
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(CPOL) to a 1 for sourcing, or to a O for sinking. The charge pump’s current can be

calculated by measuring the voltage across the 1k(Q resistor.

3.11 Current Consumption M easurements

The individual blocks on the chip were tested for worst-case current consumption.
The speaker and line drivers have separate power supplies, VDDS and VDDL, which
were monitored for the current measurements. The PGA, PGMO, and the analog to
digital (ADC) and digital to analog (DAC) converters (together they are referred to as the
CODEC) use the VDDA supply. This supply was also fnonitored during the current
measurements. Since the value of the largest amount of current supplied to the CSP1009
was desired, the front-end amplifiers (PGA an;i PGMO) were set to their fnaxifnum
gains. The input signal was set to ensure that the CODEC saw a full scale input.
However, the gains of the output amplifiers (SPKR and LNDRV) were se£ to drive the
maximum signal without noticeable distortion. The routing was set to emulate normal
operation. If someone were talking on the telephone, the “receive path” is the signal flow
from the telephone line to his/her ear. The “transmit path” is the signal flow from the
mouthpiece to the telephone line. Figure 3.6 shows the circuit used to determine the
current consumption of the PGA and the SPKR. Figure 3.7 shows ;he circuit used to
determine the current consumption of the PGMO, LDRV1, and LDRV2. Finally, Figure |
3.8 shows the circuit used to determine the current consumption of the AO4 amplifier.
Some of the currents could not be measured directly. These had to be calculated knowing

the current consumed by another block that was operating at the same time.
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Therefore, the first paragraph in each section will contain the common points. The

. subsections will contain points that are specific to that particular test.

3.13 Line Driver Amplifier M easurements

The gain, PSRR, and THD, of the Line Driver Amplifier (LDRV) were measured
with differential and single ended outputs. The CSP1009 contains two identical line
drivers, but only LDRV1 was tested. LNDV1 will be referred to as LDRV in this thesis.
The measurements were done on all three-device types: fast, nominal and slow. The
LNDVamplifier has 2 gain settings, 6dB and 12dB. The gains'we;e selected by setting
the CLINE bit to either 0 or 1. The CLINE bit is bit number 14 in the CODEC control
register. The measurements include both gain settings, CLINE = 0 and CLINE = 1. The
circuit used to conduct the measurements on the amplifier with a differential output is
shown in Figure 3.9. The circuit used for the single-ended output measurements is shown
in Figure 3.10. The 1200Q and 6002 loads shown in these circuits represent the actual
loads seen by the amplifier when connected to the line matching transformer. The figures

show the circuits with no sampling but measurements were done for the sampling case as

well.




AI6P
1Vpp Arbitrary
Waveform

AI6N

Double
Sampling

~_ LDOIP

LD 1> 1.2kQ load

L~ LDOIN

Figure 3.9: Circuit used for LDRV Measurements (no sampling)

AI6P

1Vpp Arbitrary

Waveform

AI6N

Double
Sampling

6002 load

Figure 3.10: Circuit used for LDRYV, Single Ended Measurements (no sampling)

3.13.1 Gain

The gain was measured at power supply voltages of 3.0V, 3.3V, and 3.6V for the

differential case. The gain, for the single-ended case, was measured at the 3.3V supply

voltage only. The single-ended case was tested at only one supply voltage because if the

differential gains were correct then single-ended gains would also be correct. The one

trial was done to verify and document this fact. The input (AI6P and AI6N) was a 1Vpp

arbitrary waveform superimposed on a 0.5VDC level for biasing. The gain of the

amplifier was calculated using Equation 3.2 in the Amplifier Measurement section.
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3.13.2 PSRR

The PSRR of the LNDV was measured at power supply voltages of 2.8V and
3.3V for both the differential and single-ended configurations. The input (AI6P and
AI6N) was connected to a 0.5VDC level for biasing. The PSRR was determined by
modulating the power supply voltage with a 0.5Vpp arbitrary waveform for the
differential case. For the single ended case, a 0.1Vpp arbitrary waveform was used to
modulate the power supply voltage. The PSRR of the amplifier was calculated using

Equation 3.4.

3.13.3 THD

The THD of the LNDV was measured at power supply voltages of 2.8V and 3.3V
for both the differential and single-ended configurations. The input (AI6P and AI6N)

was a sinusoid superimposed on a 0.5VDC level for biasing.

3.14 Programmable Gain Am plifier Measurements

The CSP1009 contains two identical programmable gain amplifiers, but only
PGA1 was tested. PGAL1 it will be referred to as PGA in this thesis. Since the outputs of
the PGA cannot be accessed, it was routed through the speaker amplifier. The gain of the
speaker amplifier was set to 0dB with a differential output configuration. Figure 3.11
shows the circuit used to gather the data for the amplifier. The input (PGIN1P and
PGIN1N) of the amplifier must be biased with a voltage equal to VREF or approximately

1V. Therefore, each of the inpflts discussed is superimposed onto a 1VDC level. The
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figure shows the circuits with no sampling, but measurements were done for the sampling

case as well.

3.14.1 Gain

The gain was measured at power supply voltages of 3.0V, 3.3V, and 3.6V. The

gain of the PGA was measured at all possible programmed levels. The possible gain

settings range from 0dB to 28dB in increments of 2dB, as shown in Table 3.4.

—] Double
Sampling

PGIN1P

25mV;

ditferential PG1>
PGININ &~

Figure 3.11: Circuit used for PGA Measurements

Table 3.4: Programmable Gain Amplifier Control Settings with Gain

N SPKP

SP® 150Q load

Binary Settings [3:0] Gain (dB)
0000 Off
0001 0
0010 2
0011 4
0100 6
0101 8
0110 10
0111 12
1000 14

1001 16
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Also shown are the binary settings for obtaining a specific gain. The gain was

programmed by loading the binary number into bits t7—4] of the CODEC control regjster.
The input (PGIN1P and PGIN1N) was a 25mVpp arbitrary waveform. The amplitude of
this signal was chosen to allow all of the gain settings to be tested without distorting

(clipping) the output waveform. The gain of the amplifier was calculated using Equation

3.2 in the Amplifier Measurements section.

3.14.2 PSRR

Initially, the PSRR of the PGA was to be measured at power supply voltages of
2.8V and 3.3V. However; the results appeared erroneous at lower power supply voltages
(2.7V to 3.0V). This error is discussed in Chapter 4. For these measurements, the po.wer
supply voltage for the slow and fast devices were raised to- 3.1V and 3.0V for the nominal
device. The PSRR was measured at three gain levels for completeness, 0dB, 14dB, and
28dB. The input (PGIN1P and PGIN1N) was only connected toﬂ a 1VDC level for
biasing purposes. The PSRR was found by modulating the power supply voltage with a
0.5Vpp arbitrary waveform. The PSRR of the amplifier was calculated using Equation

3.4 in the Amplifier Measurements section.
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3.14.3 THD

The THD was measured at power supply voltages of 2.8V and 3.3V and at three
gain settings for completeness, 0dB, 14dB and 28dB. The input (PGIN1P and PGIN1IN)

was a sinusoidal signal generated by the AP.

3.15 Programmable Gain Microphone Amplifier Measurements

Since the output of the PGMO cannot be accessed'directly, it was routed throilgh
the speaker ampliﬁe;r. The gain of the speaker amplifier was set to 0dB and the output
configuration was differential. Figure 3.12 shows the circuit used to ta.ke'the
measurements of the amplifier. It shows the circuits with no sampling but measurements
were done for the sampling case as well. The inputs of the PGMO are ac coupled using a

capacitor and therefore do not require a biasing voltage.

3.15.1 Gain

The gain was measuréd at power supply voltages of 3.0V, 3.3V, and 3.6V. The
gain of the PGMO was measured at all possible programmed levels. The possible gain
settings were from 16dB to 44dB in increments of 2dB, as shown in Table 3.5. Also
shown are the binary settings for obtaining a specific gain.

Loading the binary number into bits [11-8] of the CODEC control register
programmed the gain. The input (MAP and MAN) was a 6mVpp arbitrary waveform. A

6mVpp signal was used to allow all of the gain settings to be tested without distorting the
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output waveform. The gain of the amplifier was calculated using Equation 3.2 in the

Amplifier Measurements section.

MAP N ~__ SPKP
Gnve . [POMO> | AAF Double SPKR > 1500 Ioa
ifferential —| Sampling| _
MANL" L~ SPKN
SPKR Gain=0dB

Figure 3.12: Circuit used for PGMO measurements

Table 3.5: Programmable Microphone Amplifier Control with Gain

Binary Settings [3:0] Gain (dB)
0000 Off
0001 16
0010 18
0011 20
0100 22
0101 24
0110 26
0111 28
1000 30
1001 32
1010 34
1011 36
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1100 . 38

1101 40

1110 42

1111 44
3.15.2 PSRR

Initially the PSRR of the PGA was to be measured at power supply voltages of
2.8V and 3.3V. However, the results appeared erroneous at lower power supply ;/oltages
2.7V to 3.0V). This error is discussed in chapter 4. For these measurements, the power
supply voltage for the slow and fast devices was raised to 3.1V and to 3.0V for the
nominal device. The input (MAP and MAN) was left open. The PSRR was measured at

three gain levels for completeness. These levels were 16dB, 30dB, and 44dB.

3.15.3 THD

The THD was measured at power supply voltages of 2.8V and 3.3V. The THD
was measured at three gain settings for completeness, 16dB, 30dB, and 44dB. The input

(MAP and MAN) was a sinusoidal signal generated by the AP.

3.16 Speaker Amplifier Measurements

The gain, PSRR, and THD, of the speaker amplifier (SPKR) were measured with

differential and single-ended outputs. The circuit used to take the measurements on the
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amplifier with a differential output is shown in Figure 3.13. The circuit used for the

single-ended output measurements is shown in Figure 3.14.

3.16.1 Gain

The gain was measured at all possible programmed levels. It was also tested with
two types of outputs, differential and single-ended. The gain settings for the differential
output (without sampling case) range from -14dB t6A1’4d4B in increments of 2dB, as
shown in Table 3.6. Also shown are the binary settings for obtaining a specific gain. The
gain wa.s programmed by loading the binary number into bits [3—-0] of the CODEC
control register. The differential output (with sampling case) was only tested at a power
supply voltage of 3.3V with gain settings of —-14dB, -8dB, 0dB, 8dB, and 14dB. The gain
settings for the single-ended output (without sampling case) are from -20dB to 8dB in
increments of 2dB. This is also shown in Table 3.6. The single ended output (with
sampling case) was only tested at a power supply voltage of 3.3V with gain settings of

-20dB, -10dB, 0dB, 2dB, and 8dB.

Al6P SN SPKP
0.5Vpp Arbitrary Double SPKR 1509 load
Waveform —| Sampling|

Figure 3.13: Circuit used for SPKR Measurements with Differential Outputs (no sampling)
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AI6P

0.5Vpp Arbitrary
Waveform

AI6N

Double
Sampling

»nt

SPKP

SPKR

1k 10k

SPKN

Figure 3.14: Circuit used for SPKR, Single Ended Measurements (no sampling)

Table 3.6: Programmable Speaker Amplifier Control with Gain

Binary Settings [3:0] Differential Gain (dB) Single Ended Gain (dB)
0000 Off Off
0001 -14 -20
0010 -12 -18
0011 -10 -16
0100 -8 -14
0101 -6 -12
0110 -4 -10
0111 -2 -8
1000 0 -6
1001 2 -4
1010 4 -2
1011 6 0
1100 8 2
1101 10 4
1110 12 6
1111 14 8
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3.16.2 PSRR

Initially the PSRR of the SPKR amplifier was to be measured at power supply
voltages of 2.8V and 3.3V. However, the results appeared erroneous at lower power,
supply voltages (2.7V to 3.0V). This error is disculesed in chapter 4. For these
measurement;c,, the power supply voltage for the slow and fast devices was raised to 3.1V
for the differential case and 3.0V for the single-ended case. The PSRR was measured, for
the differential output case, at gain settings of ~14dB, 0dB, and 14dB. For the single-
ended output case, the PSRR was measured at gains of —20dB, -6dB and 8dB. Both cases
were also tested with the amplifier off, which indicates the path is open in front of the
amplifier. The input (AI6P and AI6N) was connected to a 0.5VDC level for biasing

purposes.

3.16.3 THD

The THD was measured at power supply voltages of 2.8V and 3.3V. The THD .
was measured at 2 gain settings, 8dB and 14dB for both the differential and single-ended
output configurations. The input (AI6P and AI6N) was a sinusoidal signal, generated by

the AP and superimposed on a 0.5VDC level for biasing
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Chapter 4 Experimental Results

4.1 Introduction

This chapter contains a summary of the results from the measurements described,
in Chapter 3. The results are preseﬁted in table formz;t ana are accompanied By abrief
description. They summarize the actual graphical data displayec_l in the Appendices. The
results are classified into the three device types, slow, nominal and fast. Therefore,
process variations are easily identified. Keep in mind, the measurements were done at
different power supply voltages so that the values indicated in the results reflect those
different voltages.

Some important notes about the PSRR measurements should be pointed out
before proceeding. As noted in chapter 3, the PSRR measurements gave erroneous
results at power supply voltages below 3.1V in some cases. Figure 4.1 illustrates this
error.v The “28dB of gain w/o sampling” case is approximately 20dB higher than the
others and changes very little with frequency. Figure 4.2 shows the results for the same
device where the only change is the increased supply voltage to 3.3V. Here the “28dB of
gain w/o sampling” case is consistent with the others. It turns out that the 0.5Vpp signal
used to modulate the supply voltage for the differential case, which was thought to be
appropriate, was too large. This was especially true at the lower power supply voltages.

A 0.1Vpp signal would have been more realistic.
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Figure 4.1: PSRR Showing Erroneous Data for PGA with 3.1V Supply
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Figure 4.2: PSRR Showing Expected Data for the Same Device as in Figure 4.1 with 3.3V Supply
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It was determined during the measurement process that enough of the PSRR data were
legitimate to sufficiently characterize the device. Most of the actual PSRR data shown in
the Appendix are what one would expect for this devjce. The expected values for these
amplifiers come from past chips that cdntained the same or similar ampliﬁeré. A small
percentage of the results have the same or a similar problem as discussed above. These
results were considered errors and were ignored. Most ilﬁponanﬂy, the error was not due

to the CSP1009. It was an error in the measurement procedures.

4.2 AO4 Measurements

4.2.1 Gain

The results of the gain measurements for the AO4 amplifier are shown in Table
4.1. The results shown in the table reflect the minimum and maximum gains from the
actual data shown in Appendix B. These extreme values occurred over the power supply

changes. The gain values are taken at a mid-band frequency of 1kHz.

Table 4.1: AO4 Gain Measurement Results

Measured Gain at 1kHz (dB)
Type of Device Minimum Maximum
Slow 2.0 24
Nominal 2.0 , 2.6
Fast 2.1 2.5
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4.3 Bandgap Reference Measurements

4.3.1 Reference Voltage vs. Temperature
Table 4.2 shows the results of the VREF voltage measurements as the temperature
was varied from —20°C to 80°C in increments of 20°C. These results show the minimum

and maximum voltages, over the entire temperature range and over power supply

changes. These results are taken from the actual data shown in Appendix C.

4.3.2 Reference Voltage vs. Supply Voltage at -20 °C and 0 °C

Table 4.3 illustrates the results of the VREF voltage measﬁrements as the
temperature was kept constant at —20°C and the power supply voltage is varied from 3V
down to 1V. Of particular interest in this test was the power supply voltage value at
which the VREEF voltage falls out of regulation. The results show the minimum and
maximum voltages over changes in the supply voltage, before the drop off. The actual
data are shown in Appendix B.

The same test was conducted with the temperature held constant at 0°C. The
results are shown in Table 4.4. Also shown in Table 4.3 and Table 4.4 is the power

supply voltage at which the VREEF voltage drops off.
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Table 4.2: VREF Voltage vs. Temperature Measurement Results

VREF (V) Over Temperature Range

(-20°C to 80°C)
Type of Device
Minimum Maximum
Slow 0.953 0.969
Nominal 0.947 0.966
Fast 0.958 0.975

Table 4.3: VREF Voltége vs. Supply Voltage Results at -20°C

VREF (V) Over Supply Voltage Range

Type of Device (3V down to 1V) Supply Voltage at

Minimum Maximum VREF Drop Off (V)
Slow 0.965 0.968 2.1
Nominal 0.964 0.965 2.1
Fast 0.973 0.974 2.1
Table 4.4: VREF Voltage vs. Supply Voltage Results at 0°C

VREF (V) Over Supply Voltage Range
Type of Device (3V down to 1V) Supply Voltage at
Min Max VREF Drop Off (V)

Slow 0.964 0.966 2.1
Nominal 0.964 0.965 2.1
Fast 0.973 0.974 2.1
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4.4 Charge Pump Measurements

4.4.1 Current Levels

Table 4.5 shows the mea;c.ured charge pump current levels when sourcing current.
The results from when the charge pump is sinking current are displayed in Table 4.6.
The “Progranﬁned Current” was the amount of current expected. The results show the
minimum and maximum current over changes in the power supply voltage. The data are
taken from the actual results shown in Appendix D.

The data plots in Appendix D show other information, which is explained as
follows. The charge pump can be programmed in the following manner; an initial current

level (CPI), the number of system clock pulses for this initial current (PDCNT), and a

final current level (CPF).

Table 4.5: Charge Pump Current Level when Sourcing Current

Measured Current (LA)
Programmed Slow Nominal Fast
Current (HA)
Min Max Min Max Min Max
175 111 174 126 158 111 174
250 174 221 173 205 190 237
350 237 300 268 284 237 316
500 347 410 347 410 379 442
700 -521 584 537 584 537 600
1000 742 805 742 804 805 868
1400 1073 1137 1105 1167 1121 1184
2000 1500 1610 1515 1594 1626 1720
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Table 4.6: Charge Pump Current Level when Sinking' Current

Measured Current (LA)

Programmed Slow Nominal Fast

CorrentWA) | Min | Max | Min | Max | Min Max
175 128 176 128 160 128 176
250 176 239 176 239 191 255
350 255 318 - 255 318 270 333
500 365 428 365 428 397 460
700 554 618 554 602 554 633
1000 775 839 775 823 823 902
1400 1123 1202 1138 1186 1138 1186
2000 1549 1675 1549 1628 1643 1675

The data plots show all of the possible current levels, most of which have CP1 = CPF.

However, two trials show CPI # CPF with PDCNT set to maximum (32 periods) and 16

periods of the reference clock. These two trials were done to show how the charge pump

operates normally and to verify this operational characteristic.

4.5 Current Consumption M easurements

Table 4.7 shows the current consumed by the individual modules while operating

at the specified conditions. The table shows the minimum and maximum current over

changes in the power supply voltage. These data are taken from the actual detailed

results shown in Appendix E.
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Two things should be noted about Table 4.7. First, for the slow and fast devices

the LDRV1, LDRV2 and AO4 current measurements were done with the ADC and DAC
(CODEC) operating but bypassed. The CODEC was found to. cause distortion of the
output waveform when the power supply voltage is below 3.0V for the fast device and
below 2.9V for the slow device. Therefore, it was left operating, consuming power, but it
was bypassed. That is, the signals were not being processed by the CODEC. Second, the
last row of the table, "Channel Current", is a worst case total current during normal
operation of the transmit and receive paths. It is the summation of CODEC, PGA,

PGMO, LDRV]1, and SPKR currents.

4.6 Programmable Gain Am plifiers

The remainder of this chapter pertains to the four programmable amplifiers. The .
results displayed for each of the amplifiers is from the three tests conducted: gain, PSRR,
and THD. The tables showing the results of a specific test (gain, PSRR or THD), for all
of the amplifiers have similar characteristics. The similar characteristics will be pointed
out in this section. Any points that are particular to a specific amplifier will be presented

in the sections that follow.
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Table 4.7: Individual Block Current Consumption

Measured Current (mA)
Active Block Slow Nominal Fast

Min Max Min Max Min Max
CODEC (Analog ON) 1.19 1.23 1.22 1.26 1.28 1.31
PGA and AAF (28dB Gain). 0.60 0.63 0.59 0.60 0.64 0.68
PGMO and AAF (44dB Gain) | 0.77 0.79 0.75 0.78 0.81 0.86
LNDRV1 (5.4dB Gain) 1.57 1.59 1.27 1.28 1.57 1.59
LNDRYV2 (5.4 dB Gain) 1.58 1.60 1.35 1.36 1.56 1.57
SPKR (2dB) 293 3.26 3.04 | 3.06 3.06 3.18
AO4 (loaded — 1mA) 0.97 1.00 1.65 1.66 1.62 1.64
Total Current | 9.61 10.10 | 9.87 10.00 | 10.54 | 10.83
Channel Current 7.06 7.50 6.87 6.98 7.36 7.62

'The tables in the following sections reflect the minimum and maximum values of

the gain, PSRR, and THD over changes in the power supply voltage. The gain values

recorded in the tables are taken at a mid-band frequency of 1kHz. The “Programmed

Gain” column indicates the gain settings and/or the expected gain at which the amplifiers

were set during that particular test.

The PSRR results were obtained over a frequency range of 20Hz to 20kHz. The

desired PSRR was specified at 50dB or greater at 0dB gain, for the differential

configuration. For the single-ended configuration, the PSRR was specified at 25dB or

greater.
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The THD results are over a frequency range of 20Hz to 4kHz. The desired THD
was specified at 0.03% for both configurations. This specification is valid when the
output double sampling is disabled. The output sampling cbntributes to the THD.
Therefore, the measurement would not be a true reflection of the amplifier with this

sampling employed.

4.7 Line Driver Amplifier M easurements

The actual data for the line driver are displayed in Appendix F. Results from both

output configurations, differential and single-ended, are illustrated.

4.7.1 Gain

The results of the LNDV amplifier’s gain measurements are shown in Table 4.8.

4.7.2 PSRR

The results of the LNDV amplifier’s PSRR measurements are displayed in Table 4.9.

4.7.3 THD

Table 4.10 illustrates the results of the LNDV amplifier’s THD measurements. The

maximum values indicated are with the output sampling turned on, see the results in

Appendix E.




Table 4.8: Comparison of LNDRYV Programmed Gain and Measured Gain

Measured Gain at 1kHz (dB)
Programmed Slow Nominal Fast

Gain (dB) Min Max Min Max Min Max
Differential
CLINE =0 (6dB) 52 54 52 55 5.3 55
CLINE =1 (12dB) 10.3 10.5 10.2 10.5 10.2 104
Single Ended
CLINE = 0 (0dB) -0.8 -0.1 -0.8 0.1 -0.8 0.0
CLINE =1 (6dB) 3.7 3.9 3.6 3.8 3.6 4.0

Table 4.9: Results of LNDRV PSRR Measurements

Measured PSRR up to 20kHz (dB)

Programmed Slow Nominal Fast

Gain (dB) Min Max Min Max Min Max
Differential
CLINE = 0 (6dB) 53.1 76.1 50.7 76.7 51.1 74.7
CLINE =1 (12dB) 474 66.7 47.2 64.7 47.7 64.5
Single Ended
CLINE = 0 (0dB) 31.2 49.1 304 59.1 26.4 50.5
CLINE =1 (6dB) 23.6 35.6 24.9 58.8 24.2 354
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Table 4.10: Results of LNDRV THD Measurements

Measured THD up to a 4kHz Fundamental(%)

Programmed Slow Nominal Fast
Gain (dB) Min Max Min Max Min Max

Differential

CLINE = 0 (6dB) 0.03 1.5 0.03 1.5 0.04 1.5
CLINE = 1 (12dB) 0.05 1.5 0.05 1.5 0.07 1.5
Single Ended

CLINE = 0 (0dB) 0.3 1.6 0.15 1.6 0.2 1.6
CLINE = 1 (6dB) 0.5 1.9 0.26 1.8 04 1.8

4.8 Programmable Gain Am plifier Measurements

The actual data for the programmable gain amplifier are displayed in Appendix G.

4.8.1 Gain

The results of the PGA amplifier’s gain measurements are shown in Table 4.11.

4.8.2 PSRR

The results of the PGA amplifier’'s PSRR measurements are shown in Table 4.12.

4.8.3 THD

The results of the PGA amplifier’s THD measurements are shown in Table 4.13.




Table 4.11: Comparison of PGA Programmed Gain and Measured Gain

Measured Gain at 1kHz (dB)
Programmed Slow Nominal Fast

Gain (dB) Min Max Min Max Min Max
0 -0.7 -0.3 -0.7 -0.2 -0.7 | -0.5
2 2.3 * 2.3 * 2.1 *
4 33 3.6 3.3 3.7 3.2 35
6 63 : 64 . 6.1 *
8 7.9 * 8.0 * 7.7 *
10 10.2 * 10.3 * 9.9 10.0
12 11.6 12.0 11.6 12.1 11.5 11.7
14 14.0 14.1 14.2 * 13.8 13.9
16 159 * 16.1 * 15.7 *
18 18.0 * 18.1 * 17.8 *
20 19.7 20.0 19.6 20.1 19.5 19.8
22 22.0 * 22.1 * 21.8 *
24 239 24.0 24.1 * 23.7 23.8
26 25.9 26.0 26.1 * 25.7 25.8
28 277 27.9 27.7 28.1 275 27.8

* Indicates that the value is the same as the “Min” value.
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Table 4.12: Results of the PGA PSRR Measurements

Measured PSRR up to 20kHz (dB)

Programmed Slow Nominal Fast
Gain@B) |y | Max | Min | Max | Min | Max
0 56.0 75.9 48.6 71.5 54.2 72.1
14 44.3 71.4 35.3 70.6 46.7 70.9
28 43.7 65.3 443 71.4 56.0 75.9

Table 4.13: Results of the PGA THD Measurements

Measured THD up to a 4kHz Fundamental (%)

Programmed Slow Nominal Fast
Gain (dB) Min Max Min Max Min Max
0 0.03 0.04 0.03 0.04 0.03 0.04
14 0.04 0.05 0.04 0.06 0.04 0.06
28 0.12 0.19 0.13 0.22 0.11 0.20
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" 4.9 Programmable Gain Microphone Amplifier Measurements

The actual data for the programmable gain microphone is displayed in Appendix H.

4.9.1 Gain

Table 4.14 displays the results of the PGMO amplifier’s gain measurements.

4.9.2 PSRR

The results of the PGMO amplifier’s PSRR measurements are shown in Table 4.15.

4.9.3 THD

Table 4.16 shows the results of the PGMO amplifier’s THD measurements.
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Table 4.14: Comparison of PGMO Programmed Gain and Measured Gain

Measured Gain at 1kHz (dB)
Programmed Slow Nominal Fast

Gan(@B) | Min | Max | Min | Max | Min | Max
16 16.0 16.1 15.9 16.2 15.8 16.1
18 18.2 * 18.1 18.2 18.1 18.2
20 20.0 20.1 19.9 20.1 19.8 20.0
22 222 * 22.0 222 22.1 *
24 24.0 * 23.8 240 23.9 24.0
26 26.2 * 25.8 26.1 26.1 ¥
28 27.9 28.0 27.8 28.0 27.7 28.0
30 30.1 30.2 30.1 * 30.0 *
32 32.0 * 320 * 31.9 *
34 34.1 * 34.0 34.1 34.0 *
36 35.8 36.0 35.7 36.0 35.7 359
38 38.1 * 38.0 38.1 38.0 *
40 40.0 * 39.9 40.0 39.8 39.9
42 422 * 42.1 422 420 42.1
44 43.8 44.1 43.7 44.1 43.7 44.0

* Indicates that the value is the same as the “Min” value.
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Table 4.15: Results of PGMO PSRR Measurements

Measured PSRR up to 20kHz (dB)

Programmed Slow Nominal Fast
Gain (dB) Min Max Min Max Min Max
16 53.5 78.8 52.7 77.9 51.0 72.0
30 41.9 73.6 41.1 65.9 40.1 70.8
44 28.6 62.0 27.6 47.8 28.0 69.3

Table 4.16: Results of PGMO THD Measurements

Programmed

Measured THD up to a 4kHz Fundamental (%)

Slow Nominal Fast
Gain (dB) Min Max Min Max Min Max
16 0.04 0.06 0.05 0.07 0.04 0.06
30 0.14 0.20 0.17 0.27 0.15 0.24
44 0.70 1.0 0.80 1.24 0.73 1.13




4.10 Speaker Amplifier Measurements

The actual data for the speaker amplifier is shown in Appendix 1.

4.10.1 Gain

Table 4.17 indicates the results of the SPKR amplifier’s gain measurements with a
differential output configuration. Table 4.18 shows the results of the SPKR amplifier’s

gain measurements with a single-ended output configuration.

4.10.2 PSRR

The results of the SPKR amplifier’s PSRR measurements are shown in Table 4.19.

4.10.3 THD

The results of the SPKR amplifier’s THD measurements are displayed in Table 4.20.

The maximum values shown are with the output double sampling turned on.

72



Table 4.17: Comparison of SPKR Programmed Gain and Measured Gain (differential output)

Measured Gain at 1kHz (dB)
Programmed Slow Nominal Fast
Gain(@B) | Min | Max | Min | Max | Min | Max
-14 -14.1 -13.7 -14.1 -13.9 -14.0 -13.8
-12 -11.7 * -11.8 * -11.8 *
-10 -9.7 * -9.9 -9.8 -9.8 *
-8 -8.1 -7.9 -7.9 * -8.1 -7.9
-6 -5.9 * -5.9 * -5.9 *
-4 -39 * -3.8 * -39 -3.8
2 -1.9 * -1.8 -1.9 -1.9 *
0 -0.1 0.1 0.2 L -0.1 0.1
2 2.1 * 22 * 2.1 *
4 4.1 4.2 4.2 * 4.1 *
6 6.1 * 6.2 * 6.1 *
8 7.9 82 8.0 8.2 7.9 8.2
10 10.2 * 10.2 * 10.1 10.2
12 12.2 12.3 12.2 12,3 .. 12.2 *
14 13.9 14.3 14.0 14.2 14.0 14.2

* Indicates that the value is the same as the “Min” value.
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Table 4.18: Comparison of SPKR Programmed Gain and Measured Gain (single ended output)

Measured Gain at 1kHz (dB)
Programmed Slow Nominal Fast
Gain (dB) w/o w/ w/o w/ w/o w/
Samp. Samp. Samp. Samp. Samp. Samp.

-20 -19.8 -20.0 -19.9 -20.1 -19.8 -20.0
-18 -17.7 N/A -17.9 N/A -17.7 N/A
-16 -15.7 N/A -15.9 N/A -15.8 N/A
-14 -13.9 N/A -13.9 N/A -13.9 N/A
-12 -11.9 N/A -11.9 N/A -11.9 N/A
-10 -9.9 -10.1 -9.9 -10.1 -9.8 -10.0

-8 7.9 N/A 7.9 N/A 7.8 N/A

-6 -5.9 N/A -5.9 N/A -5.9 N/A

-4 -3.9 -4.1 -3.9 4.1 -3.9 -4.1

-2 -1.9 N/A -1.8 N/A -1.8 N/A

0 0.1 N/A 0.1 N/A 0.1 N/A

2 22 2.0 22 2.0 22 2.0

4 42 N/A 4.2 N/A 4.2 N/A

6 6.3 N/A 6.2 N/A 6.3 N/A

8 8.3 8.0 8.2 8.0 8.3 8.0

N/A indicates that gain setting was not tested.
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Table 4.19: Results of SPKR PSRR Measurements

Measured PSRR up to 20kHz (dB)
Programmed Slow Nominal Fast
Gain (dB) Min | Max | Min | Max | Min | Max
Differential
Off 579 82.0 51.1 74.9 58.2 73.0
-14 58.9 81.0 522 73.7 58.3 71.2
0 58.0 79.3 48.2 71.7 57.6 71.6
14 47.8 69.1 39.1 67.5 47.7 66.5
Single Ended
Off 28.8 59.5 27.8 58.2 29.5 58.0
-20 27.9 579 27.0 59.9 28.7 58.2
6 287 | 588 | 218 | 588 | 295 | 517
8 25.7 50.6 24.8 529 26.5 51.1
Table 4.20: Results of the SPKR THD Measurements
Measured THD up to a 4kHz Fundamental (%)
Programmed Slow Nominal Fast
Gain (dB) Min | Max | Min. | Max | Min | Max
Differential
8 0.02 1.5 0.02 1.5 0.02 1.5
14 0.06 1.5 007 | 15 0.06 1.5
Single Ended
8 0.1 1.5 0.11 1.5 0.1 1.5
14 0.13 1.5 0.16 1.5 0.11 1.5
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Chapter 5 Interpretation of the Results and Conclusions

5.1 Introduction

In this chapter, the results will be discussed and any errors that were found during
the measurement process will be noted. In addition, problems with the CSP1009 that
were found during the characterization process will be discussed. Finally, some

recommendations and conclusions will be offered.

5.2 AO4 Results

The gain of the AO4 was measured to be in the range of 2dB - 3dB. The desired
value of this gain was approximately 9.2dB. This is a major difference and needs to be
discussed. The following illustration is given to explain this problem. However, the
signals shown are not the actual signals used in the measurements. Figure 5.1 shows the
circuit setup to measure the gain of the AO4 amplifier. The inputs, AI6P and AI6N were
driven differentially. The output was single-ended. The inputs are shown in Figure 5.2
(a) and (b). The figure displays the signals applied to AI6P and AI6N. The actual
differential input is shown in Figure 5.3 along with the single-ended output of the

amplifier.

AI6P

Double AO4 AO4

| Sampling | 2.2k load

AI6N

Figure 5.1: Circuit used to take AO4 Gain Measurements
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Figure 5.2: Each Leg of the Differential Input Applied to AI6P (a) and AI6N (b)
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Figure 5.3: The Differential Input and the Single-Ended Output of the AO4 Amplifier
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Referring to the AO4 amplifiers simplified circuit diagram shown in Figure 5.4; the

output was found and plotted using the following equation:
AO4 _Output =Vin* (1 + %—;—] =0.4Vpp * (l + %) =1.16Vpp (5.1)

where

7.6k, v
(1+EJ_2.9 /, (5.2)

is the non-inverting voltage gain of the amplifier. Equation 5.1 is calculated using
Vin=0.4Vpp, which is ¥2 of the differential input shown previously or the single-ended
input. This gain can then be converted to dB, which is approximately 9.25dB. However,
if the differential-in, single-ended-out voltage gain is calculated using Equation 5.2 it is

one half the gain calculated in 5.2 or 6dB less.

1.16V,
_VO - pp =1.45% =3.2dB (5.3)
Vin,,  0.8Vpp
VDDA
SAMPLEP 10kQ o2
oo AN oo 3
l 1.0 pF _]_ 1.0 pF AO4
I VssA I Vssa =
SAMPLEP 10kQ = 63 = Ao4 AMP
o o AN~ "o Vssa
_L 2\.,6 oF 1.001 kQ
SSA
I R
MW
7.6kQ
R1< 4k
~ VSSA

Figure 5.4: Simplified Block Diagram of the AO4 Amplifier
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This example illustrates the fact that the differential-in, single-ended-out gain will
be 6dB less than the single-ended-in, single-ended-out gain. This assumes the amplitude
of the differential input is twice the amplitude of the single-ended input. This applies to
all of the output amplifiers, AO4, SPKR and LNDV when measurements were done with
~ single-ended outputs.

The gain of the AO4 amplifier was found to range from 2.0dB to 2.6dB. After
taking into account the 6dB difference, the gain is approximately 10% less than the
specified gain. However, this is sufficient since the amplifier is a general-purpose

amplifier and this small discrepancy does not affect any operational detail.

5.3 Bandgap Reference

The voltage reference, VREF changed, at most, 2% over the temperature range.
This says that the reference has a temperature coefficient (TC) of

_dV _0.965V -0.948V _ 0.017 _ o.17m‘% . 54
dr  80°C-(-20°c) 100 C

This TC was adequate for this system. However, the voltage was designed to be 1V and
turned out to be approximately 3% lower. Small errors in VREF are expected in the first
prototype and can be corrected on later revisions.

The voltage reference was also tested to find the power supi)ly voitage at which
the reference drops out of regulation. This voltage was found to be approximately 2.1V.
That is much less than the minimum power supply voltage of 3.0V and therefore

adequate.
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5.4 Charge Pump

The measured charge pump currents were approximately 25% lower than the
desired values. This, however, waé not a problem. The charge pump supplies current to
a loop filter, which creates a voltage at the input of the VCO. The amount of current the
charge pump can source or sink is set by software. Therefore, the important thing is that
the magnitudes of the different current levels are known. This is important to the
software engineer who is responsible for the setup of this module. They must know how
they are affecting the VCO with a certain programmed amount of current. Figure 5.5 |
shows a portion of the charge pump results. The figure shows the actual magnitudes of
each of the programmed levels. In addition, it shows that different levels can be

programmed. The text in the figure shows what values were programmed.

1700.0
1600.0 F=rhplhr—rY mm:wﬁ
1500.0 : =CPF=2000u
1400.0
1300.0 CPI=2000UA, 320iks, CPE=1400UA
1200.0
1100.0
1000.0 -
900.0 TPI=7U0UA, T6CIKS, CPF=TO0UUA |
800.0 - NEAPTINSFATAAAA e ~ vy NACA MR A AT
700.0
600.0
500.0 - CPI=CPF=500UA
400.0 Towritviy Acrvowarred Peywi rPrwirovirdrie® L . ' A -w-\w"\vovT
300.0
200.0 7 ‘
1082 CPI=CPF=175uA
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 400 4.50 5.00

Time (ms)

Current (uA)

CPI= =

T T

Figure 5.5: Results from the Charge Pump Sourcing Current Measurements
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5.5 Current Consumption

Since the system the CSP1009 is designed for is powered by a battery, the current
required by the chip is critical. The life of the battery is one of the major advertising
issues for cordless telephones. Therefore, it was desired to monitor the current of the
individual blocks and ultimately obtain a value for the maximum current (worst case) for
the entire chip. The “Channel Current”, from Table 4.7 reflects this value. It was
approximately 7mA. A target value of 7mA was set for the chip. This target value is
derived from past IC chips with similar characteristics. It is desired to have a maximum

current measurement no greater than that of past systems.

5.6 Programmable Gain Amplifiers

The programmable amplifiers, LNDV, PGA, PGMO and SPKR all performed
adequately, with the one excéption being the gaih of the LNDV amplifier, which will be
discussed. They met all of the specifications set forth for gain, THD and PSRR.
However, a few anomalies were found while characterizing thése amplifiers. These

anomalies will be discussed in the following sub-sections.

5.6.1 LNDV Gain

The line driver gain results were lower than expected. For the differential case,
the gains were about 15% lower than expected. The single-ended results were about 35%

lower than expected.
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5.6.4 Double Sampling Roll Off

The output amplifiers, AO4, LNDV and SPKR all have a double sampling

network that smoothes out the output of the DAC before amplification. The network is
shown is Figure 2.1. Upon completion of the SPKR amplifier characterization, it was
noticed that the roll-off of the sampling network was actually in the voice band. Figure
5.6 shows the programmable gains of the SPKR amplifier without the double sampling
employed. In addition, it shows the bandwidth of the amplifier is much greater than
20kHz, since no roll-off is seen. Figure 5.7 shows the some of the programmable gains,
of the SPKR amplifier, with the double sampling employed. This figure shows the —3dB
frequency of the sampling roll-off to be approximately 4kHz. This was viewed as a
problem because it was rolling off in the voice band. Therefore, it was attenuating the

upper frequencies of the voice band.

16.0 , — T T
14.0 A e &
bEyd as 3 —A—14dB
128-—¢ - = v —»—12dB
6.0 o —%—10dB
4.0 —e—8dB
2.0
= 0.0 < > > < r A\ v —— .y ' ——6dB
m . Y Y ==
T 20 . - 5 R T —d4dB
£ 4.0 A ;ﬂ" :‘ A A AAdAL -y 2dB
“ T
® -60 == é:: odb
100 g dne o
-12.0 R —A—-4dB
-14.0 - 6B
-:g'g —%—-8dB
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220 . —-12dB
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Frequency (Hz)

Figure 5.8: Speaker Amplifier Gain without Double Sampling Employed
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Figure 5.9: Speaker Amplifier with Double Sampling Employed

A solution for this problem was applied to a few of the prototypes. The “Silicon
Surgery” Group at Lucent Technologies etched the top off some of the devices and
modified the double sampling network. Figure 5.8 shows the SPKR ampliﬁer» gain with
and without the “new” double sampling network employed. It shows the ~3dB frequency

has been pushed out to approximately 10kHz, thus outside of the voice band.
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Figure 5.10: Speaker Amplifier Gain after Revision to Push Out Double Sampling Roll-off

5.7 Conclusions

The CSP1009 as a whole operated well, considering these measurements were
done on the first prototype. Every module operated as it was intended to and most met
specifications. The defects found were significant and should be addressed. However,
none of the defects were operationally debilitating.

The measurement process was comprehensive and thorough. However, the PSRR
measurements could be improved. PSRR measurements turned out to be quite difficult.
This was due to the fact that the individual stages of the amplifier react differently to the

power supply changes. In addition, PSRR was not well represented in the literature. This
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leads to difficulty in interpreting the results. So, the Microelectronics Group at Lucent

Technologies uses the PSRR results of past chips as a standard by which to compare the

newer chips. If the results are comparable, they are considered viable.

When the PSRR tests began on this device, the appropriate amplitude of the
modulating signal was uncertain. The amplitudes suggested really had no basis. The
0.5Vpp signal was eventually chosen in order to decrease the PSRR to a value where it
could be measured. The noise floor of this device was approximately —75dB (with the
CODEC operating). Therefore, the PSRR could not be measured using a modulating
signal with an amplitude much less than 0.5Vpp. The signal at the output of the amplifier
was lower than the noise floor. Therefore, a PSRR value could not be measured. It
became obvious that this amplitude was too large because the supply voltage varied a
great amount. However, the majority of the problems occurred when the supply voltage
was less than 3.0V. For a supply voltage of 3.0V, the supply is actually 2.75V -3.25V,
well out of the range for the design of this device. -

Another issue with the PSRR measurement was the use of the arbitrary waveform.
The arbitrary waveform is characteristically much different from a pure, singlé‘ frequency
sine wave. It is suggested, from this experience, that the power supply voltage be
modulated with a single frequency sine wave instead of the arbitrary waveform when
taking PSRR measurements. The sine wave is a much more realistic power supply
variance than the arbitrary waveform. That is, in reality the supply voltage will not

encounter variances similar to the arbitrary waveform.
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This thesis addressed the following issues in relation to the modules within the
CSP1009; verified the functionality, tested to ensure that all of the specifications were
met, identified the problems with the device, and determined a testing procedure to
document the problems. In addition to these tasks, a characterization procedure was also
developed. This was done in order to document the process. In an effort to minimize

measurement time and simplify the characterization process, an automated testing

procedure was also developed.
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APPENDIX A

AUDIO PRECISION VISUAL BASIC PROGRAMS




Speaker Gain Measurement Routine:

Sub Main

ap_file_directory = "C:\files\Modified Devices" 'Change directory for
different tests

dsp_file_directory = "C:\itdsp\r6_6_3\uhura\ai6tos~1" '‘Change

directory for different tests

loop1:

"Yol")

ascii_data_directory = "C:\files\Modified Devices\data"
counter = 1

ChDir ap_file_directory

open_test = GetFilePath$(™, "*.at2", ", "Select the file to copy AP settings from")
AP.File.OpenTest(open_test) 'Change filename for different tests

Call Setup_panels

Call Setup_com_port

Call Setup_PS

ChDir dsp_file_directory
Select Case counter
Case 1
Call Set_PS_2_ 7
Call PS_Output_on
Shell(*C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspk_f")

Wait 7

Case 2
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspks_{")
Wait 7

Case 3
Call Set_PS_3_3
Shell("C:\ltdsp\r6_6_3\uhura\ai6tos~1\runt.bat a6spk_f")
Wait 7

Case 4
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat a6spks_f")
Wait 7

Case Else
MsgBox ("Invalid Case in Select", 0, "Error”)
End

End Select

If counter = 1 Then )
MsgBox ("Connect AP’s Probes to Input, Al6. Click 'OK’ when ready.”, 0, "Yol")
AP.Sweep.Start
MsgBox ("Connect AP’s Probes to Output of SPKR. Click 'OK’ when ready.", 0,

End If

AP.Sweep.Start

If counter = 4 Then




ChDir ap_file_directory
new_test = GetFilePath$("", "*.at2", ™", "Enter the NEW AP filename", 3)
AP.File.SaveTestAs (new_test)
ChDir ascii_data_directory
new_data = GetFilePath$("", "*.adx", ™", "Enter the NEW ASCII Data filename", 3)
AP .File.ExportASClIData(new_data)
Call PS_Output_off
End
End if

counter = counter + 1
GoTo loop1

End Sub
Sub Setup_panels

AP .Application.NewData
AP.Application.Page = 1
AP.Anir.FuncFilterLP = 0
AP _Application.Page = 2

End Sub "Setup_panels

Sub Setup_com_port
AP.CommA.CommPort = 1 'Select Comm Port
AP.CommA.Settings = "9600,N,8,2" 'Set Comm Port settings baud rate ect.
AP.CommA.RTSEnable = False
AP.CommA.Handshaking =0
AP.CommA.QutBufferSize = 50 'Set Output buffer size
AP.CommaA.InBufferSize = 50 'Set Input buffer size

End Sub 'Setup_com_port
Sub Setup_PS

AP.CommA.PortOpen = True 'Open Comm Port 1
AP.CommA.Output = "SYST:REM" 'Send data
AP.CommA.Output = Chr$(10) 'Send CR
AP.CommA.OQutput = "RST;*CLS" ’Send data
AP.CommA.Output = Chr$(10) 'Send CR
AP.CommA.PortOpen = False 'Close Comm Port

End Sub ‘Setup_PS
Sub Set_PS_2_7 '

AP.CommA.PortOpen = True 'Open Comm Port 1
AP.CommA.Qutput = "VOLT 2.7" 'Send data
AP.CommA.Output = Chr$(10) 'Send CR
AP.CommA.Output = "CURR 0.1" 'Send data
AP.CommA.Output = Chr$(10) 'Send CR
AP.CommA.PortOpen = False ’'Close Comm Port

Call PS_Beep

Wait 2
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End Sub '‘Set_PS_2_7
Sub Set_PS_3_3

AP.CommA.PortOpen = True 'Open Comm Port 1
AP.CommA.QOutput = "VOLT 3.3" 'Send data
AP.CommA.Output = Chr$(10) '‘Send CR
AP.CommA.Qutput = "CURR 0.1" 'Send data
AP.CommA.Output = Chr$(10) 'Send CR
AP.CommA.PortOpen = False 'Close Comm Port -
Call PS_Beep
Wait 2 , "Wait 2 seconds
End Sub 7 '‘Set_PS_3_83
Sub PS_Beep
AP.CommA.PortOpen = True 'Open Comm Port 1
AP.CommA.Output = "SYST:BEEP" 'Send data
AP.CommA.Output = Chr$(10) 'Send CR
AP.CommA.PortOpen = False ’'Close Comm Port
Wait 2 : - ~"Wait 2 seconds
End Sub 'PS_Beep '
Sub PS_Output_on
AP.CommA.PortOpen = True 'Open Comm Port 1
AP.CommA.Output = "OUTP ON" 'Send data
AP.CommA.Output = Chr$(10) 'Send CR
AP.CommA.PortOpen = False 'Close Comm Port
Wait 2
End Sub "'PS_Output_on
Sub PS_Output_off
AP.CommA.PortOpen = True 'Open Comm Port 1
AP.CommA.Output = "OUTP OFF" 'Send data
AP.CommA.Output = Chr$(10) 'Send CR

AP.CommA.PortOpen = False 'Close Comm Port
End Sub 'PS_Output_off




Speaker PSRR Measurement Routine:

Sub Main

ap_file_directory = "C:\files\PSRR Measurements\SPKR" ‘Change
directory for different tests

dsp_file_directory = "C:\litdsp\r6_6_3\uhura\ai6tos~1" ‘Change

directory for different tests
ascii_data_directory = "C:\files\PSRR Measurements\SPKR\data"
counter =1

ChDir ap_file_directory

open_test = GetFilePath$(", "*.at2", ", "Select the file to copy AP settings from")
AP _File.OpenTest(open_test) 'Change filename for different tests

Call Setup_panels

loop1:
ChDir dsp_file_directory
Select Case counter
Case 1
Shell("C:\Itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspk_f")
Wait 8
Case 2 .
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat abspk_8")
Wait 6 .
Case 3
Shell("C:\ltdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspk_1")
Wait 6
Case 4
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspk_0")
Wait 6
Case 5
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspks_f")
Wait 8
Case 6 A
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat a6spks_8")
Wait 6
Case 7
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspks_1")
Wait 6
Case 8
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspks_0")
Wait 6
Case Else
MsgBox (“Invalid Case in Select”, 0, "Error*)
End
End Select

If counter = 1 Then

|IY0! II)
AP.Sweep.Start
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MsgBox ("Connect AP’s Probes to Supply Voltage. Click 'OK’ when ready.", 0,



MsgBox (“Connect AP’s Probes to Output. Click 'OK’' when ready.", 0, "Yo!")
"End If

AP.Sweep.Start

If counter = 8 Then

Shell("C:\ltdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspk_8")
Wait 6

AP.Application.Page = 1

AP.Gen.Output = Faise

AP.Application.Page = 2

AP.Sweep.Start

AP.Gen.Output = True

ChDir ap_file_directory .
new_test = GetFilePath$("", ".at2", ", "Enter the NEW AP filename", 3)
AP . File.SaveTestAs (new_test)
ChDir ascii_data_directory
new_data = GetFilePath$("", "*.adx", *", "Enter the NEW ASCII Data filename", 3)
AP.File.ExportASClIData(new_data)
End
End If

counter = counter + 1
GoTo loop1

End Sub
Sub Setup_panels

"AP.Application.PanelOpen apbPanelDataEditor
'AP.Application.PanelClose apbPanelDataEditor
AP.Application.NewData

AP.Application.Page = 1

AP.Anlr.FuncFilterLP =0

AP.Application.Page = 2

End Sub 'Setup_panels
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loop1:

Speaker THD Measurement Routine:

Sub Main

ap_file_directory = "C:\files\THD Measurements" ’Change directory for
different tests

dsp_file_directory = "C:\ltdsp\r6_6_3\uhura\ai6tos~1" ’Change

directory for different tests

ascii_data_directory = "C:\files\THD Measurements"
counter=1

ChDir ap_file_directory

open_test = GetFilePath$("UHURA","at2","","Select the file to copy AP settings from",0)
AP.File.OpenTest(open_test) 'Change filename for different tests .

Call Setup_panels

ChDir dsp_file_directory
Select Case counter
Case 1
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspk_f")
Wait 8
Case 2
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspk_8")
Wait 6
Case 3
Shell("C:\Itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspks_f")
Wait 8
Case 4
Shell("C:\itdsp\r6_6_3\uhura\ai6tos~1\runt.bat aéspks_8")
Wait 6
Case Else
MsgBox (“Invalid Case in Select", 0, "Error")
End
End Select

If counter =1 Then

MsgBox ("Connect AP’s Probes to Output. Click 'OK’ when ready.", 0, "Yo!")
End If

Call Desired_Output
output_rms_ck = AP.Anlr.ChALevelRdg("V") "Getting measured RMS

- Confirmation

output_pkpk_ck = output_rms_ck *2 * (2 A 0.5) 'Converting RMS to pkpk -

Confirmation

If output_pkpk_ck > 0.510 Or output_pkpk_ck < 0.490 Then
‘Comparing to desired
Call Desired_OQutput

End If




AP.Sweep.Start

If counter = 4 Then
ChDir ap_file_directory

new_test = GetFilePath$("UHURA","at2","","Enter the NEW AP filename", 3)

AP.File.SaveTestAs (new_test)
ChDir ascii_data_directory

filename”, 3)
AP .File.ExportASClIData(new_data)
.End
End If

counter = counter + 1
GoTo loop1

End Sub
Sub Setup_panels

AP.Application.NewData
AP .Application.Page = 1

AP.Anir.FuncFilterLP =0
AP _.Application.Page = 2

End Sub "Setup_panels
Sub Desired_Output

g=0

term=0
AP.Application.Page = 1
AP.Gen.Output = True

Whileg=0

output_rms = AP.Anir.ChALevelRdg("V")
measured RMS

output_pkpk = output_rms *2 * (22 0.5)
pkpk

input_pkpk = AP.Gen.ChAAmpl("Vpp")
generators amplitude setting

gain = output_pkpk / input_pkpk

"Calculate the gain

initial_pkpk = 0.5/ gain
the approximate needed input knowing gain

AP.Gen.ChAAmpI("Vpp") = initial_pkpk
calculated value

input_pkpk = AP.Gen.ChAAmpl("Vpp")
generators new amplitude setting

If output_pkpk > 0.510 Then
‘Comparing to desired
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new_data = GetFilePath$("UHURA","adx","","Enter the NEW ASCI| Data

"Getting
’Converting RMS to

'Getting

'Find
"Set input to

‘Getting



AP.Gen.ChAAmpI("Vpp") = input_pkpk - 0.001 ’'Decrementing
generators output-
Elself output_pkpk < 0.490 Then
AP.Gen.ChAAmpI("Vpp") = input_pkpk + 0.001 ’Incrementing
generators output
Else
g=1
'Setting Flag to continue
End If

If input_pkpk > 3.0 Or input_pkpk < 0.001 Then 'Watch for overflow -
chip not operating : .
MsgBox ("Output could not be set to 0.5Vpp. Program will
terminate. Check device.", 0, "Error")

g=1

. End

End If

Wend
AP.Application.Page = 2

End Sub 'Desired_Output
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AO4 DATA




UHURA AO4 GAIN, SLOW DEVICE, INPUT TO Al6

4.0 T Vs ] iy t
20 i s > .
0.0 i .
20 ——3.0V Supply w/o Samp
g 4.0 ~—3.3V Supply w/o Samp
= ’gg —¥—3.6V Supply w/o Samp
8 100 . 4 —8—3.0V Supply w/ Samp
-12.0 —% —<4—3.3V Supply w/ Samp
'}gg \ —3—3.6V Supply w/ Samp
-18.0 —
10 100 1000 10000 100000
Frequency (Hz)
UHURA AO4 GAIN, NOMINAL DEVICE, INPUT TO Al6
4‘0 ] 1 ! NI )
2.0 1 i
0.0 ] :
-2.0 —&—3.0V Supply w/o Samp
_EE 4.0 . —3—3.3V Supply wio Samp
= :gg ~—¥—3.6V Supply w/o Samp
g P 0'0 q —e— 3.0V Supply w/ Samp
12.0 \ —4—3.3V Supply w/ Samp
-14.0 X ——3.6V Supply w/ Samp
-16.0 :
-18.0 -
10 100 1000 10000 100000
Frequency (Hz)
UHURA AO4 GAIN, FAST DEVICE, INPUT TO Al6
4.0 el RN ] Liet
2.0 -ﬁl — == s
0.0 ARAR
2.0 L —&— 3.0V Supply w/o Samp
o -4.0 : : 3 ' ~=>¢—3.3V Supply wio Samp
E— 6.0 i ~—3—3.6V Supply w/o Samp
'g ;gg i —8—3.0V Supply w/ Samp
:1 20 — —&—3.3V Supply w/ Samp
140 | —l—3.6V Supply w/ Samp
-16.0 - ‘
-18.0 -
10 100 1000 10000 100000
Frequency (Hz)
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APPENDIX C

BANDGAP REFERENCE DATA
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UHURA VREF MEASUREMENTS VARYING THE TEMPERATURE AT DIFFERENT SUPPLY
VOLTAGES

Slow Device

Supply
Temp 2.7V 3.0V 3.3v 3.7V
-20.0 0.968 0.968 0.969 0.969
0.0 0.966 0.966 0.967 0.967
20.0 0.963 0.964 0.964 0.964
40.0 0.960 0.961 0.961 0.961
60 | 0.957 0.957 0.957 0.958
80 0.953 0.953 0.953 0.954

Nominal Device
[ Supply
Temp 2.7V 3.0V 3.3V 3.7V
-20.0 0.965 0.965 0.965 0.966
0.0 0.962 0.962 0.963 0.963
20.0 0.959 0.959 0.960 0.960
40.0 0.956 0.956 0.956 0.957

60 0.951 0.952 0.952 0.953
80 0.947 0.947 0.948 0.9483
Fast Device
Supply

[ Temp 2.7V 3.0V 3.3V 3.7V
-20.0 0.974 0.974 0.975 0.975
0.0 0.972 | 0.972 0.972 0.973
20.0 0.969 0.969 | 0.970 0.970
40.0 0.966 0.966 0.966 0.967

60 0.962 | 0.962 0.963 0.963
80.0 0.958 0.958 0.958 0.959
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UHURA VREF MEASUREMENTS VARYING THE TEMPERATURE AT DIFFERENT SUPPLY
===n YT TV RENENISs VARYING 1he 1EMPERATURE AT DIFFERENT SUPPLY

VOLTAGES
UHURA VREF MEASUREMENTS VARYING TEMPERATURE - SLOW DEVICE
0.980
0.970
S 0.980
ki ) [—e—27v
£ o950 >
——-3.0v
- : —&—3.3v
0.940 ——3.7V
0.930
-20.0 0.0 20.0 40.0 60.0 80.0
Temperature (degC)
UHURA VREF MEASUREMENTS VARYING TEMPERATURE - NOMINAL DEVICE
0.980
0.970
S 0.960
L.
& 0.95 ——2.7V
> 0950 ~E—3.0V
—&k—3.3V
0.940 3.7V
. 0930 -
-20.0 0.0 20.0 40.0 60.0 80.0
Temperatura (degC)
UHURA VREF MEASUREMENTS VARYING TEMPERATURE - FAST DEVICE
1.000
0.990
S 0.980
e
: 0.970 ——2.7V
= T ~B—3.0V
0.960 —&—3.3V
: —¥—-3.7V
0.950 —
-20.0 0.0 20.0 40.0 60.0 80.0
Temperature (degC)
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UHURA VREF MEASUREMENTS VARYING THE S‘UPPLY VOLTAGE AT 0 and -20 degC

Temp: 0 degC
Supply Slow Device | Nominal Device| Fast Device
1.0 0.129 0.185 0.101
1.1 0.278 0.306 0.258
1.2 0.372 0.379 0.366
1.3 0.441 0.444 0.431
1.4 0.499 0.509 0.495
1.5 0.557 0.569 0.540
1.6 0.621 0.639 0.608
1.7 0.694 0.707 0.681
1.8 0.787 0.787 0.767
1.9 0.867 0.862 0.856
2.0 0.926 0.911 0.914
2.1 0.956 0.948 0.952
2.2 0.964 0.960 0.968
2.3 0.965 0.961 0.971
2.4 0.965 0.962 0.971
2.5 0.966 0.962 0.971
2.6 0.966 0.962 0.971
2.7 0.966 0.962 0.972
2.8 . 0.966 0.962 0.972
2.9 0.966 0.962 0.972
3.0 0.966 0.962 0.972
Temp: -20 degC
Supply Slow Device | Nominal Device| Fast Device
1.0 0.092 0.167 0.069
1.1 0.249 0.283 0.220
1.2 0.357 0.358 0.336
1.3 0.435 0.432 0.414
1.4 0.492 0.502 0.496
15 0.550 0.559 0.551
1.6 0.605 0.618 0.587
1.7 0.673 0.699 0.657
1.8 0.754 0.763 0.726
1.9 0.844 0.852 0.813
2.0 0.916 0.902 0.896
2.1 0.957 0.947 0.969
2.2 0.965 0.964 0.973
2.3 0.967 0.964 0.973
2.4 0.967 0.964 0.973
2.5 0.968 0.964 0.974
2.6 0.968 0.964 0.974
2.7 0.968 0.965 0.974
2.8 0.968 0.965 0.974
2.9 0.968 0.965 0.974
3.0 0.968 0.965 0.974
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UHURA VREF MEASUREMENTS VARYING THE SUPPLY VOLTAGE AT 0 and -20 degC

VREF (V)

UHURA VREF MEASUREMENTS VARYING SUPPLY at 0 degC

1.000

0.950

0.900

0.850

0.800

0.750

0.700

0.650

0.600

0.550

0.500

0.450

—&— Slow Device
—ili—Nominal Device
~—&—Fast Device

0.400

0.350
0.300 4
0.250

0.200
/

0.150

0.100

0.050

0.000

1.0 1.1 12 1.3 14 15 16 177 1.8 1.9 2.0 21 22 23 24 25 26 2.7 28 29 3.0

Supply (V)

VREF (V)

UHURA VREF MEASUREMENTS VARYING SUPPLY at -20 degC

1.000
0.950

0.900

0.850

0.800

0.750

j/

0.700

0.650

0.600

0.550

0.500

0.450

—&— Slow Device
—ill—Nominal Device
—&—Fast Device

0.400

0.350
0.300 -
0.250
0.200

1

0.150

0.100

0.050

0.000 -+

1 1112 13 14 15 16 1.7 18 19 2 21 22 23 24 25 26 27 28 29 3

Supply (V)
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CHARGE PUMP DATA
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| ' CHARGE PUMP CURBENT LEVELS, 2.8V SLOW,

SOURCING CURRENT
17000 -
1600.0 4
1500.0 I
1400.0 ,
1300.0 -
12000 __CPI=2000uA, 32ciks, CPE=1400uA_ |
~ 1100.0 s whgrirmrwrp s iud -y Bademan et g e T e |
< 10000
< 900.0 CRI=700uA—16etks-CPF=1000uA—
E 000 [T —y 7o Y e s
© 6000 CPI=CPF=700uA
Mtk I TV VWV YT T U VTR PRWY TRV Y VYW W
500.0
200.0 CPI=CPF=500uA
T T e ey e E e o
100.9 CPI=CPF=175uA
000 050 100 150 200 250 300 350 400 450 500
Time (ms)
CHARGE PUMP CURRENT LEVELS, 2.8V SLOW,
. SINKING CURRENT '
I
: 1700.0
1600.0 L!Fﬂm.. ko
1500.0 CPI=CPF=2000UA
| 1400.0
, 1300.0 _ _
i 12000 CPI=2000uA, 32clks, CPF=1400UA
_ 11000
< 1000.0
;=_‘,’ 900.0 CPI=700uA _16¢clks, CPE=1000uA |
' g 800.0 {-pvorwuoich i A ararrw A WA AWt A R TS Ty~ AN A A AV
3 7000 CPI=CPE=7000
| 600.0 Wty e T A e Py A A AR A A R oy
| 500.0 CPI=CPF=500UA
| 400.0 JrAv WA At ror—arr A Ayt wOrw Ayt rrar et vl oy
| 300.0 futrmrrrR AR AR T AR AR AR AT ot i PO
200.0 Jyryrrmiviigra et i dupmnad e miaivimpans iy v G RIRGRRF2500A
ol Yy N SV gy VAo SR M A g M b e A A A A e A gAY MMMy ey
103'3 CPI=CPF=1750A

0.00 0.50 1.00 1.50 2.00 2,50 3.00 3.50 4.00 4.50 5.00

Time (ms)




CHARGE PUMP CURRENT LEVELS, 3.3V SLOW,
SOURCING CURRENT
1700.0 J
1600.0 .
I o P Ay RS o o TS T
1400.0
1300.0
1200.0 _ _
. 1100.0
:g_ 1000.0
= 900.0
&  800.0 - = 5
5 7000
© 6000 CPI=CPE=700u
: R A gty
500.0
. CPI=CPF=500uA
400.0 Yoo w wonyrwrarocv-ulovorny h i AR S e L L A Y y agaiondiiandid o
300.0 e =G PEZZ00UA |
200.0 Al AAAL sy, ngrearnan CBISCPE2EQUA |
AN AN~ A b A A e M Ay v iV Yy A e
108'8 CPI=CPF=175uA
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 -5.00
Time (ms)
CHARGE PUMP CURRENT LEVELS, 3.3V SLOW,
SINKING CURRENT
1700.0
1600.0 FMW*MM A s s B e i e At |
1500.0 €Pi=CPF=2000uA{ |
1400.0
1300.0
1200.0 ~ =
__ 11000
< 1000.0
« 900.0 GPRI=700uA16¢lks-CPF=1000uA]
E B00.0 |- PMA A= AN A VAP A N vy A s SAAA A A ..'.:"':m
5 7000 =
: CPIECPF=700T,
© 000 Jwvww&muwwww
500.0 CP=CPF=500uxA]
ogd PI=CPE=350
300.0 4 : : u ]{
! 200.0 |
' 100.0 CPI=CPF=T750A
0.0 - " . - .
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
; Time (ms) !




CHARGE PUMP CURRENT LEVELS, 2.8V NOMINAL,
' SOURCING CURRENT

1700.0
1600.0
e et s kel et et e s -
1500.0 CPI=CPF=2Z000uA
1400.0
1300.0
1200.0 CPl= =
—~ 11000 D =TT ISPV LYY VW -
3 1000.0
g 5000 CPT=700UA, T6CIKS, CPF=TUOUUA |
@ 8000 e T o e o
5 7000 H— — —
© 6000 CPI=CPF=700uA|
il wirvk s r Ao ruasiPeev).
5§00.0
2000 1 CPI—CPF-SO%UA
300.0 | = st
200.0 ) O—rr——y Chi=CPE25011A
nyre=wrenAswt sl s sV rimat =V A w s A Mrans e
1000 CPI=CPF=175uA
0.0 T T T Y r T T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Time (ms)
CHARGE PUMP CURRENT LEVELS, 2.8V NOMINAL,
SINKING CURRENT
! 1700.0
; 1600.0 -
1 1500.0 CRI=CPF=
' 1400.0
1300.0 CPI=20000A, 320K, CPF=T400U
1200.0
A e Ao A A WAy M Ay A tdn] WA AN A iy S A AP
_ 11000
+ € 10000
f :..; 900.0 CPI=700UA;16¢IkS, CPF=TO000UA ]
. 8 800.0 T Ar ey oA A S AT WO A M A Ay
t 5 7000 c .
I ) = H3
' © 600 uWWWWWﬁ
X 500.0 CPI=CPF=500uA]
400.0 MWWWWW
300.0 WWWW&%
200.0 - Sy
M Ay TR A A A A M gy AN RTINS oAV VW M AW AL A b
1000 . . CPIECPF=T750A
0.0 . : e ‘ . .
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4,50 5.00

Time (ms)




CHARGE PUMP CURRENT LEVELS, 3.3V NOMINAL,

SOURCING CURRENT
1700.0
15°°°L. e ST Ay A & 2 »
1500.0 CPI= F=2000UK'
1400.0
1300.0 _ —
12000 _ _ _ CPI1=2000uA, 32clks, CPF=1400uA
11000 T T e
S 1000.0
g 9000 CPI=700UA, T6¢IKS, CPF=TUOUUA |
@  800.0 4 AP Ay AR A A ANAS FAAAATE e
s 7000
O 6000 =CPF=
500.0
400.0 4 N CPI=CPF=500uA |
300.0 - CPI=CPF=350uA
200.0 emattgmmgrmcguphemphempmegmmg bt ety oty B L PRS0 A
T e o i
1000 CPI=CPF=175uA
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Time (ms)
CHARGE PUNMP CURRENT LEVELS, 3.3V NOMINAL,
SINKING CURRENT
1700.0
1600.0-# Fuichent Ar Pt B T YAy
1500.0 CPi=CPF=2000uA
1400.0
1300.0 CP=2000UA, 32 Tliks, CPF=1400UA|
1200.0 ‘
__ 11000
< 1000.0
- 900.0 GCPi=700uA~16clks-CRF=1000uA]
§ 800.0 - MdvhmalirrtttvtmbiMrr v v—tuhte il Mt v A i Armrd 4 !
“:; 700.0 CPI=CPF=700U |
600.0 s A A AT VI AP A A U A A A oA p A I
500.0 L,PI“CPF‘SC)OUA'
400.0 I Adrena i mart A e AN A Mrerebna M Syl e e A rd CPI C F-350uA
zgg.g —WWWWM R S 2T
100.0 ] VWAL~ :
. CPI=CPF=175uA
0.0 - -
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Time (ms)
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CHARGE PUMP CURRENT LEVELS, 2.8V FAST,
SOURCING CURRENT

0
1600,0 FERTm vy sl Uit et bl o Pl Y Vet ovew

AAO O A
i 17T =4 UVUNR

1300.0 €PI=2606uA;32ctks CPF=1400uA

CPI=700uA, 16clks, CPF=1000uA
800.0 -je—caaAnay P ANy g Bpef e — PNy AAMA ey gy B -

CPI=CPF=700uA

Current (uUA)
©
8
o

500.0 CPICPF=500TA |
g + da Pl= = U,

CPI=CPF=175uA
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Time (ms)

CHARGE PUMP CURRENT LEVELS, 2.8V FAST,

SINKING CURRENT
1800.0
1700.0 |
1600.0 1042/
1500.0
1400.0
1300.0 CPI=2000uA, 32clks, CPF=1400uA
1200.0
< 11000
< 10000 CPI=700UA, T6GIKS, CPF=TO00TA
g 5000l
3 7000 _CPI=CPE=700UA]
600.0 bk mmangyhngrsknucs S A AR A AR o
500.0 CPRI=CPF=500uA]
400.0 Mm&m@w
300.0 e Aprppaari =y PV 313 -3 0174731 3 N
200.0 - AR
103'2 CPIECPF=T750A

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Time (ms)
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CHARGE PUMP CURRENT LEVELS, 3.3V FAST,

SOURCING CURRENT
1800.0
1700.0 “howkesbermapmopmprramny A N AN e Ao A APy i bt
1600.0 CPI=CPF=2000uA |
1500.0
1400.0
1300.0 CPI=2000QuA, 32¢! =
1200.0
< 11000
2 1000.0
. £ 9000 CPI=700uA, 16clks, CPE=1000uA |
proviansnssg~Aviinborsrvanafornaiimanalree- A |
E 800.0
3 7000 =CPF=
600.0 J CPI=CPF=700uA
igg-g CPIECPF=500UA
3000 Lenmmmeeesencn eyt _CPI=CPF=350uA
200.0 Wwwwm
VATV A PN M A AP WAV A AP ALY
108'8 CPI=CPF=1750A
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Time (ms)
CHARGE PUNP CURRENT LEVELS, 3.3V FAST,
SINKING CURRENT
1800.0
1700.0
1600.0 CPI=CPF=2000uA
1500.0
1400.0
1300.0 CPI=20000A; 32 clks, CPF=140
1200.0 +—rapmimy — e -t
Z 11000
=)
z Moo CPI=700uA, 16ciks, CPF=1000UA
2 eooo s : 1
& 7000 CRI=CPF+100uA.
600.0 v bevvinanrrd g Y T Taa T T Tt P PP wh-
0.0 - - - - - -
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Time (ms)
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Table 1: CSP1009, Slow Device, Analog Block Current Consumption

Active Block Current (mA) Current (mA) Current (mA)
Supply =3.3V . Supply =3.0V Supply=2.7V
CODEC (Analog ON) 1.23 1.21 1.19
PGA (28dB Gain) 0.63 0.62 0.60
PGMO (44db Gain) 0.79 0.78 0.77
LNDRV1 (5.4dB Gain) 1.69 (1) 1.69 (1) 1.57 (1)
LNDRV2 (5.4dB Gain) 1.60 (1) 1.59 (1) 1.68 (1)
SPKRDRYV (2dB) 2.93 2.98 3.26
AO4 (loaded - 1mA) 1.00 (1) 0.98 (1) 0.97 (1)
Total 9.90 9.75 9.94
Total (2) 717 7.18 7.39

Table 2: CSP1009, Nominal Device, Analog Block Current Consumption

Active Block Current (mA) Current (mA) Current (mA)
Supply =33V Supply =3.0V Supply=2.7V

CODEC (Analog ON) 1.26 1.24 1.22
PGA (28dB Gain) 0.60 0.60 0.59
PGMO (44db Gain) 0.78 0.78 0.76
LNDRV1 (5.4dB Gain) 1.28 1.28 1.27
LNDRV2 (5.4dB Gain) 1.36 1.36 1.35
SPKRDRYV (2dB) 3.06 3.04 3.04
AO4 (loaded - 1mA) 1.66 1.65 1.65
Total 10.145 10.15 10.21
Total (2) 6.98 6.94 6.87
Table 3: CSP1009, Fast Device, Analog Block Current Consumption

Active Block Current (mA) Current (mA) Current (mA)

Supply = 3.3V Supply =3.0V Supply=2.7V

CODEC (Analog ON) 1.31 1.30 1.28
PGA (28dB Gain) 0.68 0.66 0.64
PGMO (44db Gain) 0.86 0.84 0.81
LNDRV1 (5.4dB Gain) 1.59 (1) 1.58 (1) 1.57 (1)
LNDRV2 (5.4dB Gain) 1.57 (1) 1.57 (1) 1.56 (1)
SPKRDRYV (2dB) 3.06 3.18 3.08
AQ4 (loaded - 1mA) 1.64 (1) 1.62 (1) 162 (1)
Total 11.03 10.89 10.58
Total (2) 7.50 7.56 7.38
Notes:

1) For these measurements the CODEC was ON but bypassed due distortion of the output waveform
when the supply voltage is below 3.0V for the fast device and 2.9V for the slow device.

2) This is.a worst case total during normal operation of the channels. It is the summation 6f CODEC,
PGA, PGMO, LNDRV1, & SPKRDRY currents.

3) All measurements were taken at 25° C.
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APPENDIX F

LINE DRIVER AMPLIFIER DATA

118



LINE DRIVER GAIN DATA
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Gain (dB)
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Gain (dB)
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Gain (dB)
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UHURA LNDRV GAIN, 3.6V SUPPLY, NOMINAL DEVICE,
INPUT TO Al6
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UHURA LNDRV GAIN, 3.0V SUPI'°LY, FAST DEVICE, INPUT TO Al6
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Gain (dB)

UHURA LNDRYV GAIN, 3.6V SUPF.‘LY, FAST DEVICE, INPUT TO Al6
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LINE DRIVER PSRR DATA




UHURA LNDRV PSRR, 2.8V SUPPLY, SLOW DEVICE
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UHURA LNDRYV PSRR, 2.8V SUPPLY, NOMINAL DEVICE
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PSRR(dB)

UHURA LNDRYV PSRR, 2.8V SUPPLY, FAST DEVICE
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UHURA LNDRYV PSRR, 2:8V SUPPLY, SLOW DEVICE,

SINGLE ENDED OUTPUT
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PSRR(dB)
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UHURA LNDRV PSRR, 2.8V SUPPLY, FAST DEVICE,
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LINE DRIVER THD DATA
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THD(%)
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UHURA LNDVR THD, 2.8V SLOW, SINGLE ENDED OUTPUT,
INPUT TO Al6
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UHURA LNDVR THD, 2.8V NOMINAL, INPUT TO Al6
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UHURA LNDVR THD, 2.8V NOMINAL, SINGLE ENDED OUTPUT,

INPUT TO Al6
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UHURA LNDVR THD, 2.8V FAST, INPUT TO Al6
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UHURA LNDVR THD, 2.8V FAST, SINGLE ENDED OUTPUT,

INPUT TO Al6
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APPENDIX G

PROGRAMMABLE GAIN AMPLIFIER DATA

140



UHURA PGA1 GAIN 3.0V SUPPLY SLOW DEVICE THROUGH SPKR

Frequency (Hz)
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Gain (dB)

UHURA PGA1 GAIN 3.6V SUPPLY SLOW DEVICE THROUGH
SPKR WITH 0dB GAIN
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10 100 1000 10000 100000 | _o oim
Frequency (Hz)

Gain (dB)

UHURA PGA1 GAIN 3.3V SUPPLY SLOW DEVICE THROUGH SPKR
AT 0dB WITH SAMPLING

30,0 —
26.0 ——
220 =
180 =t
14.0 = S
10.0 : =

>
o
N

L

T
—
Lo

2%

6.0 i N N —A—28dB
20 :‘E‘—?ﬂ:# 2 iy 1 —>—20dB
2.0 = —%—12dB
—e—4dB

= S . |——odB
-10.0 = :
-14.0 e e — : 3
-18.0 : — ; : =

22,0 =S<.

44

10 100 1000 10000 100000
Frequency (Hz)
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UHURA PGA1 GAIN 3.0V SUPPLY NOMINAL DEVICE THROUGH
SPKR WITH 0dB GAIN :
5 6.0 - % . 18dB
£ 20 =% R = 16dB
% Lo 208 A —0—14dB
6.0 P : —1—12dB
-10.0 Yo —A—10dB
° ——8dB
-14.0 :
: 4 —%—6dB
-18.0 == . —0—4dB
220 ' ‘ ——2dB
10 100 1000 10000 100000 |_, 4o
Frequency {Hz)
UHURA PGA1 GAIN 3.3V SUPPLY NOMINAL DEVICE THROUGH
SPKR WITH 0dB GAIN
30.0 — . —
26.0 - — = e
22.0 —o——= e SN —A—28dB
: — —¢26dB
1801 = ~~ o —%~24dB
= =1 — ‘f‘:— NS —o—22dB
_ 100 et SRR +—2008
S o0 e e e 1848
£ 20 0 === =S e 16dB
© L9 ——‘f 3 : ‘ oy — —o—14dB
60 : : ; AN —0—~12dB
-10.0 ¥ T : R \Qﬁ —A—10dB
' : : ; —¢—8dB
-14.0 . = — B —%~6dB
180 } e > —0—4d8
220 ' f SSsss —2dB
10 100 1000 :.10000 100000 |—e—0dB
Frequency (Hz)
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UHURA PGA1 GAIN 3.6V SUPPLY NOMINAL DEVICE THROUGH
SPKR WITH 0dB GAIN
_ 10,0 X !
8 601 2 ———18dB
= ——— =g 16dB
© Lo ¥ = —0—14dB
60 . —O—12dB
-10.0 2 —A—10dB
2 —>—8dB
-14.0 :
—%—6dB
-18.0 y —0—4dB
-22.0 ' i ' ——2dB
10 100 1000 10000 100000 |_o oo
Frequency (Hz)
UHURA PGA1 GAIN 3.3V SUPPLY NOMINAL DEVICE THROUGH
SPKR AT 0dB WITH SAMPLING '
00 e ?
260 A : 5
22.0 . ==
¢ e =
18.0 : : :
14.0 i 3 =S
) : S ] . e
M=
S 60 — : S aEiy —A—28dB
————¢ == —y P :
E 20 = — = —x—zoasl
© o ——— e A —%—12dB |
- = =Sasews o~ |
-6.0 — S 0B |’
-10.0 ; T RN
-14.0 : — : ‘-\T—_ “!
' = : ——— !
-18.0 ; vl \“ - i
22,0 ' A —— 5
10 100 1000 10000 100000

Frequency (Hz)
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UHURA PGA1 GAIN 3.0V SUPPLY FAST DEVICE THROUGH SPKR

Frequency (Hz)

WITH 0dB GAIN
30.0 , —
26.0 ] ; *EE : . —A—28dB
220 ———a—4 4 ——26dB
18.0 . ; Seas: E— A —¥—24dB
14.0 — et —e—22dB
. 100 A——p iy A ORR ——20dB
Y = === e % 18dB
£ 20 ———— e = . 1648
S Lo = —0—14dB
6.0 ; > —11—-12dB
-10.0 — : —A—10dB
14.0 : T —%~8dB
o ‘ — : —¥%—6dB
-18.0 == 54 o—4dB
22.0 . L —2dB
10 100 1000 10000 100000 |_o 045
Freguency (Hz)
UHURA PGA1 GAIN 3.3V SUPPLY FAST DEVICE THROUGH SPKR
WITH 0dB GAIN
30.0 e y A X ry n + t
26.0 X S S
220 | = e ' —A—28dB
' = 3 ; e X —>—26dB
18.0 :E'_sa—f ! : — = —¥—24dB
14.0 ——o—— = 0 S "%‘A —e—22dB
= 10.0 F—=—5—Tph——b—"n A AT “.'.\3&‘:‘,— }—20dB
= === R 1848
£ 0] ; ALl 16dB
g 2 = ] 2 )
o ———————" - o— X \r —0—14dB
2.0 : : ? g N
6.0 ; ——12dB
) : : 2 1 —A—10dB
-10.0 T ' % 5%—8dB
-14.0 : ~ —¥—6dB
j -18.0 : 2 : ‘eg —0—4dB
22,0 : : . 4—2dB
10 100 1000 10000 100000 |—e—0dB




UHURA PGA1 GAIN 3.6V SUPPLY FAST DEVICE THROUGH SPKR

WITH 0dB GAIN
30.0 — , —_— -
26.0 % cEEaE = ]
0 1 T = 3 "——28dB
22.0 - —— == :——26dB
18.0 | — . —%—24dB | |
14.0 4 = 2 Ok ="g:\£‘ —e—22dB |
__ 100 n"_l s ArrA XX 5% ——20dB |,
2 0 E=—% = X 18dB |-
£ 204 = ~+ ——16dB |
© Lo ” ;—o—14ds
5.0 ‘ X2 §+12d8
-10.0 J '—A—10dB
-14.0 —>—8dB |
18.0 —3 A —¥—6dB
' = —% —0—4dB
22,0 : 2dB
10 100 1000 10000 100000
—e—0dB |
Frequency (Hz) :
UHURA PGA1 GAIN 3.3V SUPPLY FAST DEVICE THROUGH SPKR
AT 0dB WITH SAMPLING
30.0 , — :
A A——h e :
26.0 : —
22.0 . = == —
180 — T ' A
e SE .
14.0 . o S S v
0 e S
8 60 : — S=aaas —A—28dB
.% 2.0 : - = : T ‘% - \ . "‘k"-\“‘_ +20dB
(U} 20 F et : = ___! F‘\ L}‘ —¥—12dB
: 7 S X\ —e—4dB
-6.0 = p— = AT ——0dB
-10.0 : — O
o A%t :
-14.0 = s e ;
-18.0 T = e ‘\
: = A N v :
22,0 e
10 100 1000 10000 100000

Frequency (Hz) .
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PROGRAMMABLE GAIN AMPLIFIER PSRR DATA
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UHURA PGA PSRR, 3.1V SUPPLY, SLOW DEVICE
-30.0
-40.0 l T
‘—__RI [ I
==
N
g -50.0 i " N
E ! \.
3:, : =
& -60.0 X
ot ‘ :
= S .d
.70.0 l B oy
]
-80.0 '
10 100 1000 10000 100000
Frequency (Hz)
—4—28dB Gain w/o Samp —i—14dB Gain w/o Samp —&—0dB Gain w/o Samp
—»—28dB Gain w/ Samp —¥—14dB Gainw/ Samp —@—0dB Gain w/ Samp
UHURA PGA PSRR, 3.3V SUPPLY, SLOW DEVICE
-30.0 — T T
‘ ¢ i i
) | 1 ‘ [
1} 1 I ‘ pb
-40.0 — : ; n
i “ ' §
: | ; -
L ; —
~ -50.0 i
m i ji
3 i i
x e i
& t = .
-60.0 ~ 5 ; T .
1 T [ 1 ‘\%:I :'.‘ ) ¥
] ~ T “‘O_é‘*
-70.0 — e T !
[ il T ER I
i N : ‘\‘/ ;
-80.0 . E i i i i | x ' |
10 100 1000 10000 100000
Frequency (Hz)

- mg—28dB Gain w/o Samp —l—14dB Gain w/fo Samp —&—0dB Gain w/o Samp
! ,—>—28dB Gain w/ Samp —¥—14dB Gain w/ Samp —@—0dB Gain w/ Samp
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UHURA PGA PSRR, 3.0V SUPPLY, NOMINAL DEVICE
-30.0
] |
. . |
- \
-40.0 m——
EEN
—— T N~ C
g -50.0 4 — T N
\ IN
- . -
£ -60.0 S \ﬁ: ] "
o o
- l v
-70.0 : ' vE T
-80.0
10 100 1000 10000 100000
Frequency (Hz)
—6—28dB Gain w/o Samp —l—14dB Gain w/o Samp ——0dB Gain w/o Samp
—>—28dB Gain w/ Samp —¥—14dB Gain w/ Samp —@—0dB Gain w/ Samp '
UHURA PGA PSRR, 3.3V SUPPLY, NOMINAL DEVICE
-30.0 — ‘
171 N
 — —
— NEE ‘ :
-40.0 \x\ ;
‘K\ﬂ\ i
. ]
T : ‘:
‘ g 0 eI TN
1 3 N AN
5 \i\ i \¥ ‘ ]
* -600 - | i . |
I Il 1 | ’4 :
i SN } | !
S T —
v ~| 8 i
700 : ~IJ (IS
Y r N
Hl T
.80.0 ] | [ I
10 100 1000 10000 100000
Frequency (Hz)
{——28dB Gain w/o Samp —l—14dB Gain wio Samp —&— 0dB Gain w/o Samp
|——28dB Gain w/ Samp ~¥—14dB Gain w/ Samp —@—0dB Gain w/ Samp
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UHURA PGA PSRR, 3.1V SUPPLY, FAST DEVICE

-30.0
-40.0
TN
Y
& -500 T ]
T LN
& SR 1
o -60.0 . :
i | ™
- o
-70.0 T
-80.0
10 100 1000 10000 100000
Frequency (Hz)
—e—28dB Gain w/o Samp —li—14dB Gain w/o Samp —&—0dB Gain w/o Samp
—3—28dB Gain w/ Samp —¥— 14dB Gain w/ Samp —8—0dB Gain w/ Samp
UHURA PGA PSRR, 3.3V SUPPLY, FAST DEVICE
-30.0 i — — ‘ >
: i ; : I
— ] by
-40.0 e ' -
: e N\ ! i
i ! N 1]
= 500 ¢§k‘\ S
T i ! i |
5 E\I s -~ ; I- : i o
& 600 — = '!T\" = - ;
. i il | i
i : 1
— : , ' : ;
70,0 : ; - T
1 [
] T
| i
-80.0 T i i IR i
10 100 1000 10000 100000
Frequency (Hz)

|—0—28dB Gain w/o Samp —li—14dB Gain w/o Samp —4A—0dB Gain w/o Samp
!—x—-zsds Gain w/ Samp —¥%—14dB Gain w/ Samp —@—0dB Gain w/ Samp
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PROGRAMMABLE GAIN AMPLIFIER THD DATA
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UHURA PGA THD, 2.8V SLOW, THROUGH SPKR WITH 0dB GAIN

10.000
).
1.000
:\? I
E i
F : ; ——
0.100 T\ Bl IR e [
= 1 1 1 ] i
! L] L [ |
4 : % %
0.010 — ’ ; T
10 100 1000 10000
Frequency (Hz)
——28dB Gain w/o Samp —#li—14dB Gain w/o Samp —&— 0dB Gain w/o Samp
—»—28dB Gainw/ Samp —A—14dB Gain w/ Samp —@—0dB Gain w/ Samp
UHURA PGA THD, 3.3V SLOW, THROUGH SPKR WITH 0dB GAIN
10.000
)
1.000
Q ;
2 ' i
2 co . L =
0.100 o i > : ""hlo—**'**"/l‘/?
h i 1—_ I — i ; E
i . v [ | 1 ] 1
. = o = = == o
B | |
: 0.010 R ! !
i 10 100 1000 10000

Frequency (Hz)

5—0—28d8 Gain w/o Samp ——14dB Gain w/o Samp —&—0dB Gain w/o Samp
{—>—28dB Gain w/ Samp —A—14dB Gain w/ Samp ——0dB Gain w/ Samp
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UHURA PGA THD, 2.8V NOMINAL, THROUGH

SPKR WITH 0dB GAIN
1v0.000 =
J
1.000
9
2 ;
= 3 e
0.100 e * 1‘- , P : —
‘ l I iﬁi_‘-ﬁ* I
—%:F#_ = ' ﬁ:f
0.010 l r .
10 100 1000 10000
Frequency (Hz)
——28dB Gain w/o Samp —~14dB Gain w/o Samp —k—0dB Gain w/o Samp
——28dB Gain w/ Samp —&—14dB Gainw/Samp ~@—0dB Gainw/ Samp
UHURA PGA THD, 3.3V NOMINAL, THROUGH
SPKR WITH 0dB GAIN
10.000 - :
3 X
t ] |
1.000 ! .
£ i
g ; : NEEPS ;
= A s e el
0.100 e N AN ' 4
_Mizmbctgp& h—h—k
! [y ‘ P '
0.010 I R | T |
10 100 1000 10000

Frequency (Hz)

§—0—28dB Gain w/o Samp ~—#—14dB Gain w/o Samp —&k—0dB Gain w/o Samp
!—)(—ZSdB Gainw/ Samp —A—14dB Gain w/ Samp —@—0dB Gain w/ Samp
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UHURA PGA THD, 2.8V FAST, THROUGH SPKR WITH 0dB GAIN
10.000
x
1.000
3 :
= :
£ ' o
i
0.100 - NNy = N ad
. M Ho = welld
0.010
10 100 1000 10000
Frequency (Hz)
—e—28dB Gain w/o Samp —li—14dB Gain w/o Samp —k—0dB Gain w/o Samp
—»—28dB Gain w/ Samp —A—14dB Gainw/ Samp —@—0dB Gain w/ Samp
UHURA PGA THD, 3.3V FAST, THROUGH SPKR WITH 0dB GAIN
10.000 — =
T i :
i [ | '
T i
| |
1.000 ‘ L
£ i
E’ : ¢
o y !
= : i | W—H
0.100 __M_ === 1 +—o—o"
TS — : :
. = == =
A Ak A Ak ;
: BRI L T
; 0.010 ’ ’ L S L . | ; 4
: 10 100 1000 10000
Frequency (Hz) .

i~—#—28dB Gain w/o Samp —li—14dB Gain w/o Samp —&-0dB Gain w/o Samp
i-—x—28dB Gainw/ Samp —A—14dB Gain w/ Samp —@—0dB Gain w/ Samp
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APPENDIX H

PROGRAMMABLE GAIN MICROPHONE AMPLIFIER DATA

156



PROGRAMMABLE GAIN MICROPHONE AMPLIFIER GAIN DATA
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UHURA PGMO GAIN 3.0V SUPPLY SLOW DEVICE THROUGH

SPKR WITH 0dB GAIN
46.0
420 —A—44dB
38.0 ——42dB
34,0 —%—40dB
30.0 S —e—38dB
_ 260 4—36dB
8 220 34d8
£ 18.0 SN2 32dB
© 140 A —0—30dB
10.0 —0—28dB
60 | —A—26dB
2'0 SAL : o ——24dB
] 7 =3 —%—22dB
2.0 = ; o0—20d8B
6.0 = . ——18dB
10 100 1000 10000 100000 |_o o0
Frequency (Hz)
|
L
!
UHURA PGMO GAIN 3.3V SUPPLY SLOW DEVICE THROUGH
‘ SPKR WITH 0dB GAIN
46.0 : — —
42.0 : A= e :
380 S = — e —A—44dB
' e =S S SE —%—42dB
34.0 R e *—40dE
300 AT o SR —e—38dB
__ 260 e A ¥ e e e e S e e, —i—36dB
m 7 A i e " N 5
2 20 e s e e = SR XSERTIR 34dB
.% 18.0 —@%; ! ; e et o o 32dB
RV =" =2 == N —o—30dB
— ZACE : —-2
100 8dB
! AT U : + 1 A\~ &Y —A—ZSdB
5 === : ESEse —%—24dB
’ 20 XA = — Y —%—22dB
: 20 ; === — =% > —0—20dB
| 6.0 : == === = +—18dB
| 10 100 1000 10000 100000 |—e—16dB

Fréquency (Hz)
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UHURA PGMO GAIN 3.6V SUPPLY SLOW DEVICE THROUGH

Frequency (Hz)

SPKR WITH 0dB GAIN
46.0 l = ,
42,0 = == A—44dB
38.0 e —
== ==== —%—42dB
34.0 B == —%—40dB
30.0 e e === —e—33dB
_. 260 L e e : +—36dB
g 22.0 AP = 34dB
£ 180 - AL . —— oE 3248
=" : =5 —o—30dB
10.0 31/ II - o e - = T -{1—28dB
6.0 Z:': ,', ,%%, : : " —H—26dB
s == 2 ——24dB
2.0 ZAE
20 o2 : —%—22dB
T E== = ~0—20dB
6.0 —+—18dB
10 100 1000 10000 100000 — 1648
Frequency (Hz)
UHURA PGMO GAIN 3.3V SUPPLY SLOW DEVICE THROUGH
SPKR AT 0dB WITH SAMPLING
46.0 r— 1 Il
420 T i i :
T 1 7, ¥
N 7 t oo
38.0 : -
. .Y T L AY
34.0 . =TS
. Il.\ j//\ - '\"\
30.0 A 3
p4l Z T b T
pA 7 . i ., <4
[iv) 289 A : B S —
5 220 v—— : x 5 X —A—44dB
-~ ya — T AV ")
.g 18.0 /IfL :XI /;/. — ~ A "‘\‘ ' i+36dB
o S—H s % : | ——
14.0  — s — :#* = : —%—28dB
, 10.0 A : s = : | —@—20dB
' ' L=~ : : = |——16dB
6.0 Y — : T SR
i : ; : HONEX
2.0 At - ; — ™ N
= .
7 = =
= = =
10 100 1000 10000 100000
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UHURA PGMO GAIN 3.0V SUPPLY NOMINAL DEVICE THROUGH

SPKR WITH 0dB GAIN :
46.0 T LA
420 e cINA —A—44dB
38.0 = . 1] KR —>~42dB
. 1 o
34.0 e ” —%—40d8
30.0 e — —— —e—38dB |}
_ 260 //7!/:' s ARy !‘!..5.~<\’\§\ +—36d8
8 220 M/_’f:’ A au : g\k N ———34dB
_g 18.0 //’4//*/’—0"" o o a- \ 32dB
8 Y AT W —o—30dB
14.0 : e e
& . —o—28dB
10.0 ga
60 K0 ) —A—26dB
20 4/, —%—24dB
Y 4 —%—22dB
-2.0 g —0—20dB
6.0 ——18dB
10 100 1000 10000 100000 |_o 1648
Frequency (Hz)
UHURA PGMO GAIN 3.3V SUPPLY NOMINAL DEVICE THROUGH
SPKR WITH 0dB GAIN
46.0 ———
420 : = S R
38.0 = ==s=2 XIS —A—:::g
= e == =~
340 A : s v —%—40dB
30.0 ZAR : X5 o—35dB
__ 260 LA et —36dB
D no X ey ; SRR 34dB
£ 180 e = S 3248
© 140 A Ay e g o —o—30dB
10.0 ST = t X fv_‘l —-3—28dB
°0 : - ST ~A—26dB
v XA : A ~¥—24dB
20 XA = : == NRE
=== ‘ 5 N2 —%—22dB
2.0 B2 = ' : ; == : ~0—20dB
-6.0 . - . ‘ =. : ‘ +—18dB
10 100 1000 10000 100000 |—e—16dB
Frequency (Hz)
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UHURA PGMO GAIN 3.6V SUPPLY NOMINAL DEVICE THROUGH

Frequency {Hz)

SPKR WITH 0dB GAIN
46.0 7 Tk —
420 e ' —&—44dB
38.0 = =s —%—42dB
34.0 —%—40dB
30.0 7 %: e S —e—38dB
__ 260 AT man +—236dB
o, =R === 34dB
© 140 i At g 2 —o—300B
10.0 oA ey —3—28dB
6.0 —KAZIH x —A—26dB
20 X/AA —%—24dB
2'0 o ps —%—22dB
- j —0—20dB
6.0 —4—18dB
10 100 1000 10000 100000 |_o 4conl)
Frequency {Hz)
UHURA PGMO GAIN 3.3V SUPPLY NOMINAL DEVICE THROUGH
SPKR AT 0dB WITH SAMPLING
46.0 =
420 . ~5
. 1 1
= T : AN
38.0 — — R
34.0 ,é.(' ,\L:, =T =
30.0 A =
: 7T 1 - by
26.0 e e i R B
— D 1 P
S 220 i S —A—44dB
- 3 A
£ 180 e e N —%—36dB
== = e 2848
v i s S + LR —e—20dB
10.0 e e RN 4—16dB
6‘0 -II I.'.I(, :' T H E \*1 \‘ ‘;“-
A 1 X
2 0 4 I‘ 11 N\
. L,I : 1 \v\
-2.0 _,’/ : : ‘[ Y "\;
ma = . I1‘\* \ 1T
-6.0 : x == ==s
10 100 1000 10000 100000
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UHURA PGMO GAIN 3.0V SUPPLY FAST DEVICE THROUGH SPKR

WITH 0dB GAIN
46.0 , — -
42.0 A = o 't 44dB
38.0 s = —>—~42dB
34.0 N = —%—40dB
30.0 e e S == |—@—38dB
_ 260 S e s : —i—36dB
g 22.0 4 AL _"'" = == 3 % 34dB
£ 180 == 5 == : 32dB
© 140 S e v ; RS ¢—30dB
TR AAC XL —0—28dB
10.0 e 2
co = ~A—26dB
20 —— KA 5 —-24dB
. T 2N 1—¥—22dB |
-20 7 = |—0—20dB |
-6.0 * ; ‘ —— 1838 |
10 100 1000 10000 100000 |_, .o dB,:
Frequency (Hz) !
!
UHURA PGMO GAIN 3.3V SUPPLY FAST DEVICE THROUGH SPKR
1
WITH 0dB GAIN :
46.0 ‘ - —
42.0 : = = A< '
380 PV T XIS ~—4—440B .|
o - — 2 ——42dB
34.01 S — —%—40dB
30.0 ( T e e = - |—e—38dB _
26.0 -%4, eh oS '——36dB
8 220 =247 e = & —=—34dB !
P ——— > = — i '
§ 180 == = A= {——3208 '
14.0 e R —o—30dB
10.0 L T e : SRS —3—-28dB |
5o RO — 2 ~A—26dB -
A === \;, . ——24dB "
2.0 AL e NE —»—22dB
2.0 - === T : : = —0—20dB
6.0 = : ‘ —i—18dB
10 100 1000 10000 100000 —4—16dB
Frequency (Hz)
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UHURA PGMO GAIN 3.6V SUPPLY FAST DEVICE THROUGH SPKR

WITH 0dB GAIN
46.0 : : =
420 : i == —A—44dB
38.0 TR - —%—42dB
34.0 CKE : —%-40dB
30.0 —~ .55 —e—38dB
_. 260 LA AEFHA +—36dB
2 220 e = ——34d8
: ll’lflll " “TL, == o
£ 180 e = 3 32dB
(] AN 2 N —0—30dB
14.0 o/ A
IIIIII = .
10.0 LA Ef;E’ ~1-28dB
20 X = —*—22dB
= s
X . ——18dB
10 100 1000 10000 100000 |_o eim
Frequency (Hz) '
UHURA PGMO GAIN 3.3V SUPPLY FAST DEVICE THROUGH SPKR
j AT 0dB WITH SAMPLING
|
46.0 . — — —
i — T T
T . T T ) T
T v L] 1
420 : : : K ,’l ; "_\\-\
T T 7
38.0 =" : = .
34.0 T = <
A %
30.0 U
y i 7 N\
_ 260 Z 7 =
T 220 o /' -— X —A—44dB
+ pr— AN A"
£ 18.0 S s S e S > —>—36dB
: © 14.0 8 . lll ; d R '—‘g X }'} ¥—28dB
i 10.0 /l .;(l.( i/ll - \ ‘k\ “‘| ——20dB
| . ~ i - w1 — 16dB
T2 Fa
6.0 7K : SO _x v
H y S = T A + al
= =
2.0 y ,I “
;7[ A 1
-6.0 ——— : L=
10 100 1000 10000 100000

Frequency (Hz)
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PROGRAMMABLE GAIN MICROPHONE AMPLIFIER PSRR DATA
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UHURA PGMO PSRR, 3.1V SUPPLY, SLOW DEVICE

Frequency (Hz)

-20.0 - -
i :
L -
-30.0 : -
1 ——
[ %
-40.0 J : — —
&g T
= - N
€ -50.0 e !
7] : T |
a ——— ¢ 1
e — N
-60.0 : -
: A 1 T {' }
-70.0 NI
i q
-80.0 ' !
10 100 1000 10000 100000
Frequency (Hz)
—&—44dB Gain w/o Samp —il—30dB Gain w/o Samp —&— 16dB Gain w/o Samp
—>—44dB Gain w/ Samp —¥—30dB Gain w/ Samp —@—16dB Gain w/ Samp
UHURA PGMO PSRR, 3.3V SUPPLY, SLLOW DEVICE
-20.0 —_— . -
-30.0 = ;
: L \‘7(“%
-40.0 - : - ‘*»\
) ~ - i —+
Z -500 I mRES
o N : i I i |
7] H | o | |
= ; 5 ! I 1]
i ' .\ I
: . A } T
-70.0 : — : "\
- ; VAR
-80.0 T T ¥l
10 100 1000 10000 100000

,—e—44dB Gain w/o Samp ——30dB Gain w/o Samp —&k— 16dB Gain w/o Samp
.=>—44dB Gain w/ Samp —¥—30dB Gain w/ Samp —@—16dB Gain w/ Samp
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UHURA PGMO PSRR, 3.0V SUPPLY, NOMINAL DEVICE
-20.0 - —_
. : T
L' i ! : 1
-30.0 ——$§ : i
: — n f
‘ 400 : L i
- = - } o *3](2 —
g } : s sl
E -50.0 ! ; I
I 1
o ' ; 7
-60.0 - ! T [ [T
- ~ - :
-70.0
1 \
-80.0 = - *
10 100 1000 10000 100000
Frequency (Hz)
—4—44dB Gain w/o Samp ——30dB Gain w/o Samp —&— 16dB Gain w/o Samp
—>—44dB Gain w/ Samp —%—30dB Gain w/ Samp —@—16dB Gain w/ Samp
UHURA PGMO PSRR, 3.3V SUPPLY, NOMINAL DEVICE
-20.0 - - v T T L]
B N ] . < N
. [ i : t o
— : T
-40.0 , Ny - 4
' - ]
) — . ' : o
% | ; #’ : ! L1 .I&& e
2 o : R s
€ -50.0 +— — ﬁ\\ . }
R e =
o — :
N .
-60.0 L R | T
A — _:::::::%" e “*g;
IS i L A 1
] i i o n A !
-70.0 . e —— —— ! '-\% — !
] i T I B T - I
i T T i T T !
: 4 ., [ 1
-80.0 - : R — :
10 100 1000 10000 100000
Frequency (Hz)
|—&—44dB Gain w/o Samp ——30dB Gain w/o Samp —k—16dB Gain w/o Samp
‘-—)(—-44dB Gain w/ Samp —¥—230dB Gain w/ Samp —@—16dB Gain w/ Samp
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UHURA PGMO PSRR, 3.1V SUPPLY, FAST DEVICE

-20.0

—&—44dB Gain w/o Samp —#—30dB Gain w/o Samp —&—16dB Gain w/oc Samp
—X—44dB Gain w/ Samp —¥—30dB Gain w/ Samp —@— 16dB Gain w/ Samp

[ N
-30.0 Lo~ GRS
-40.0 :
—_ !:\ 7 a
m : = i
Z -500 I N
3 T .
& :
) |
-60.0 S P H—3
' T A\
-70.0
1
] !
-80.0 : '
10 100 1000 10000 100000
Frequency (Hz)
~—4—44dB Gain w/o Samp —l—30dB Gain w/o Samp —&—16dB Gain w/o Samp
—>—44dB Gain w/ Samp —¥—30dB Gain w/ Samp —@— 16dB Gain w/ Samp
UHURA PGMO PSRR, 3.3V SUPPLY, FAST DEVICE
-20.0 - - - -
. T 1 }
; [ i ]
! ! ' 1
-30.0 P :
— T =
-40.0 — o
R — ¢+
& : iﬁ\ !
T ! N
E 500 :\ L \f%!—\ ! e,
2 O i< s :
; 1171 % HEERY]
-60.0 —— = e \%iﬂ
| 3 §|
IR e : Y ,
-70.0 : - :
!
-80.0 -
10 100 1000 10000 100000
Frequency (Hz)
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PROGRAMMABLE GAIN MICROPHONE AMPLIFIER THD DATA
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UHURA PGMO THD, 2.8V SLOW, THROUGH

SPKR WITH 0dB GAIN
10.000
‘ K
1.000
S — F
E |
I [ {7 - !
= g P )
0.100 : '
—
kA1
0.010
10 100 1000 10000
Frequency (Hz)
—4—44dB Gain w/o Samp ——30dB Gain w/o Samp —&—16dB Gain w/o Samp
—>¢~-44dB Gain w/ Samp —A—30dB Gain w/ Samp —@—16dB Gain w/ Samp
UHURA PGMO THD, 3.3V SLOW, THROUGH
SPKR WITH 0dB GAIN
10.000 , .
i
1.000 | e VA
=
2 i
T
(= el f’.- HJ-F"!
| ]
0.100 =t =
i 5 t t +
T —
i L i
0.010
10 100 1000 10000
Frequency (Hz)

i—&—44dB Gain w/o Samp —#—30dB Gain w/o Samp —&— 16dB Gain w/oc Samp
;—>—44dB Gain w/ Samp —A—30dB Gain w/ Samp —@—16dB Gain w/ Samp
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UHURA PGMO THD, 2.8V NOMINAL, THROUGH

SPKR WITH 0dB GAIN
10.000
A
1.000 = *‘“3;55: =
9 < F '
=1 ] M
: = = -
0.100 .
0.010
10 100 1000 10000
Frequency (Hz)
~—4&—44dB Gain w/o Samp ——30dB Gain w/o Samp —&— 16dB Gain w/o Samp
—>—44dB Gainw/ Samp —A—30dB Gain w/ Samp —@—16dB Gain w/ Samp
UHURA PGMO THD, 3.3V NOMINAL, THROUGH
SPKR WITH 0dB GAIN
10.000
R
i 2
1.000 o
§
5 TR
: T Hese=
M T
0.100 w
i | I
HHEERE munl
0.010 - - :
10 100 1000 10090
Frequency (Hz) |

—&—44dB Gain w/o Samp ——30dB Gain w/o Samp —k—16dB Gain w/o Samp i
—>—44dB Gainw/Samp —A—30dB Gainw/ Samp —@—16dB Gain w/ Samp
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UHURA PGMO THD, 2.8V FAST, THROUGH SPKR WITH 0dB GAIN

10.000 :
o= f
1.000 y
9
2 -
T [ LA
- O L
0.100 Al
—F :
: et
0.010 :
10 100 1000 10000
Frequency (Hz)
—&—44dB Gain w/o Samp ——30dB Gain w/o Samp —&—16dB Gain w/o Samp
—>—~44dB Gain w/ Samp —A—30dB Gainw/ Samp =—@—16dB Gain w/ Samp
UHURA PGMO THD, 3.3V FAST, THROUGH SPKR WITH 0dB GAIN
10.000 . : ,
— T : — - ,
I A
| S 9%
1.000 : «’/ Pl
s o —
5 S ’T i | n -
T ‘ g
| !
0.100 : **‘ : = ' ,
; | i A A [ 1
% - -
B | R
0.010 - - -
10 100 ‘ 1000 10000
Frequency (Hz)

' —#—44dB Gain w/o Samp ——30dB Gain w/o Samp —A—16dB Gain w/o Samp
{—>—~44dB Gain w/ Samp —A—30dB Gainw/ Samp —@—16dB Gain w/ Samp
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APPENDIX I

SPEAKER AMPLIFIER DATA
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SPEAKER AMPLIFIER GAIN DATA

\
|
|
|
|
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UHURA SPKR GAIN, 3.0V SUPPLY, SLOW DEVICE, INPUT TO Al6

14.0 | n ”1 1 i H 1 | ) IEER L
‘0 — = % ==
e e
8.0 —o—o e ) 12dB
6.0 — - —%~—-10dB
g-g - —e—3dB
’ S ] ~ N . —+—6
T e e e = s e S A o
£ 40 oA b i A A 208
o -g-g +—% A — ;ﬁ;—--}%——*—)lt-*élt- —o—0dB
100 ' —Ho—2a- == —0~-2d8
-12.0 : # =3 —A—-4dB
-14.0 : 4= —X—-6dB
jg.g : ; —%~—-8dB
20.0 : —o—-10dB
22,0 ——-12dB
10 100 1000 10000 100000 |—¢—-14dB
Frequency (Hz)
UHURA SPKR GAIN, 3.3V SUPPLY, SLOW DEVICE, INPUT TO Al6
16.0 — ,
14.0 A=y A =4
120 N
10.0 N —A—14dB
8.0 ——.—,—-—0——0— — &1 —>—12dB
j-g i ; L —%—10dB
2.0 : —e—8dB
. n \ I L
g 00 00— ——0—0-000610000 +—0d8
B 20 o — L ; H —=—4dB
5 40 S S W S e e 8 e 2d8
o -g.g- — > e i—--h(——).t—x—)ﬁ.(' ) X —0—0dB
-8.0 W -
-10.0 A = = " o l : e L- —6—0 o D=C {1—-2dB
-12.0 ; — — e Cme= —A—-4dB
-14.0 -— S - —— + =& 4 —¥—-6dB
-16.0 = —— ‘ — —%—-8dB
180 = ] —o~-1008
920 = T I —-12dB
10 100 1000 10000 100000 —>—-14dB

Frequency (Hz)
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UHURA SPKR GAIN 3.6V SUPPLY SLOW DEVICE INPUT TO Al6

168 i Il ﬁ& Il 1] ] Vol VT ]
14. A— A A A 1A A AA - -
e ms

e L ; s
8.0 — . ~— iﬂ ‘ ——12dB
6.0 - = A== —%—10dB
40 - = —e—38dB
2.0 . -

D — P — 6dB

o 00 1—<¢—% o—2 PTTI——— 99000

220 = ——1 O OO —4dB

£ 40 — s A A A ) 2dB

o -g-g T e3¢ H RO —o—0dB
-10.0 © === gz; —0—-2dB
-12.0 , P —A—-4dB
-14.0 49409 —¥—-6dB
-128 —¥—-8dB
20,0 : —0—-10dB
22,0 ——-12dB

10 100 1000 10000 100000 |—e—-14dB

Frequency (Hz)
UHURA SPKR GAIN 3.3V SUPPLY SLOW DEVICE INPUT TO Al6
WITH SAMPLING
b s e ; :
0} o ) iy il Ak 1

12.0 } — : i
10.0 : —
8.0 eI T A -
6.0 ' f AL '
4.0 - :
20 : "‘);\ !

%‘ -gg W% Trk——g — A— 14dB

~ o A

£ 40 : %) —5—8dB

= : {

6 -60 X —%—0dB
_1'8-8 4 —* Awwn X —o—-8dB
120 — f i 2 s e ; ——-14dB
-14.0 : : : 5_\ - L 1 \‘ : : :

-16.0 = : — \ X o~
-18.0 : & =
-20.0 = ; ~—-—‘o~\q =
22,0 * : ! — , : :

10 100 1000 10000 100000

Frequency (Hz)
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UHURA SPKR GAIN, SINGLE ENDED, 3.3V SUPPLY,
SLOW DEVICE, INPUT TO Al6

e X AR AT
y AT 3% v —A—38dB
6.0 1( ’* - === ==
g.g g SHl ] —%—6dB
0.0 AT —%—4dB
2.0 [ :; —e—2dB
- -gg A ! _ A & —0dB
2 5o L pS ——--2dB
S .10.0 Pl by ——4dB
= 10 A ORI
o -120 e —
-14.0 il [ —o—-6dB
ry > LI L1 —~1—--8dB
-:g'g % o RIS —A—-10dB
-20.0 PaniE )
_22:0 el M —>—--12dB
24.0 ! - —¥—-14dB
-26.0 L : —o—-16dB
280 - ——-18dB
10 100 1000 10000 100000 |_o  »048
Frequency (Hz)
UHURA SPKR GAIN, SINGLE ENDED, 3.3V SUPPLY, SLOW
DEVICE, INPUT TO Al6, WITH SAMPLING
80 T :
6.0 e s . W R 12 :
40  ——— Y %
?)'g /,«—X———ﬁ( *—-Nﬂc 2
. x/ : ‘{ xX A
2 — .=
' ———d—K ¥
= .60 ai— 3 :
m . | ! 1
T 80 : = o\ —4—8dB
£ 00— —Lo—o—@ ram X5 —3¢—2dB
o -12.0 i//; R Y —¥—-4dB
-1;-8 : 5 _"-*X“ —e—-10dB
o — S 2005
. . : b 1)
-20.0 — \
22,0 — i BN \"R
-24.0 = ' S }
-26.0 — n 1 ]
-28.0 — G .
10 100 1000 10000 100000

Frequency (Hz)
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UHURA SPKR GAIN, 3.0V SUPPLY, NOMINAL DEVICE,

Frequency (Hz)

INPUT TO Al6
13'8 1 . I l 1 1] 1 N I gl 1
12.0 = o — —A—14dB
10.0 : t— : X ity ——12dB
g.g ——0 wn o —%—10dB
40 —-—38dB
20 T s —+—6dB
n 00 a P < e ra = PO ———A4dB
T 20— —O———1D S atatagate:
.% _4'0 _ A ‘*i A *Al - A_A, AAA 2dB
& 60 o e X —o—0dB
8.0 ¥ S AnE
-10.0 - —o—0 o O—0—C —0—-2dB
-12.0 L as —A—-4dB
-14.0 - %
-16.0 , -6dB
-18.0 o — —%—-8dB
-20.0 I ~0—-10dB
-22.0 —+—-12dB
10 100 1000 10000 100000 |_o 4448
Frequency (Hz)
UHURA SPKR GAIN, 3.3V SUPPLY, NOMINAL DEVICE,
INPUT TO Al6
16.0 — .
14.0 e A=
12.0 X=X an [—a—14dB
10.0 =N o ,
8.0 — - s : —%—12dB
6.0 7 ¥ - —%—10dB
4.0 — 5 —e—3dB.
2.0 — =
— a —+—6dB
= 00 f———2—= P e O OO =
3 20 a0t o ,:T;—ﬁ—é—qﬁ-n o —=—4dB
£ 40 AR A A A A A A A : 2dB
© I S . s— T — :
o 60 —— L 1 X—---,h)‘—)ﬁ—)ﬁ(— SEHAFO = —o—0dB
-8.0 —¥—— T e ' . o x —0—-2dB
-10.0 —6—rTO0——0=—0 O O0—0—0-00-800 : i
-12.0 e -+ } T t gttt —&—-4dB
-14.0 —————— * T ; —3¢—-6dB
-16.0 : : — g i —%—-8dB
-18.0 ; — — = el
-20.0 e T s : = —o0—-10dB
-22.0 - L : T ——-12dB
10 100 1000 10000 100000 |—e—-14dB
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UHURA SPKR GAIN, 3.6V SUPPLY, NOMINAL DEVICE,
INPUT TO Al6
73 I S 1 S 5 W S W :
120 4 % il 148
10.0 ==X s —>—12dB
*— e . prtent
g-g 1o "‘:: i) e —%—10dB
4.0 f - —e—38dB
2.0 ' : )
& 00 it b b0l 00 o8
2 20| D—Lf l:n—% 0 M ——4dB
£ 40 et A 2dB
S oo —fe T —0—0dB
100 :.m 1] —0—-24B
-12.0 et —A—-4dB
-14.0 - " e
-16.0 : . -6dB
-18.0 i . —%—-8dB
-20.0 : :i —0—-10dB
22.0 :
—~}—-12dB
10 100 1000 10000 100000 |_, ..o
Frequency (Hz)
UHURA SPKR GAIN, 3.3V SUPPLY, NOMINAL DEVICE,
INPUT TO Al6, WITH SAMPLING
16.0 . — — —
14.0 ; T Y S
12.0 s —
10.0 : —
8.0 e X Y
6.0 ' XL -
4.0 N A"
2.0 , Lo
— p i N 1
3 _(2).8 ¢ ‘ : 1 —A—14dB
£ 40 = v —%—8d8
S -60 : } —%—0dB
80 —e&——7p — \ —e—.8dB
-10.0
120 ] i . £ ——-14dB
-14.0 ——— ' \
-16.0 — - —\
-18.0 T ——
-20.0 m —— =T Sy
-22.0 = . ’ W —
10 100 1000 10000 100000

Frequency (Hz)
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UHURA SPKR GAIN, SINGLE ENDED, 3.3V SUPPLY,
NOMINAL DEVICE, INPUT TO Al6

10.0

Frequency (Hz)

8.0 ) W 0 O Y W W W
6.0 ] L] : l"ﬁ' SRR $ —&—8dB
30 3 I..—.ﬂ T S *-6dB
0.0 } ' N —%—4dB
2.0 : : . —-o—2dB
-— -4.0 N A J | A O “J M\ OdB
o -6.0 17 ? g e M
2 pqH ] ——_2dB
= 80 L Ho
£ -100 I, ——4dB
T 120 V1L il
0 120 N . —0—-6dB
-16:0 2 tL . ~—{1}—-8dB
-18.0 : bt —A—-10dB
20 ; , M —¢—-12dB
-24.0 f ! § —%—-14dB
-26.0 i } ; —6—-16dB
-28.0 :
——-18dB
10 100 1000 10000 100000 |_o  o04m
Frequency (Hz)
UHURA SPKR GAIN, SINGLE ENDED, 3.3V SUPPLY, NOMINAL
DEVICE, INPUT TO Al6, WITH SAMPLING
10.0 g Tt Bl [ i ' ] i L
8.0 A A A} T -
6.0 R I : : B f
. ] [ s\ !
4.0 L A : A9 —
20 e e 3 — = L
0.0 — Jx A ;
. */ i: : ‘; x’ A i :
2.0 : = - SXEC —
4.0 1 ) - " B ' N ﬂ}' IR
~ 60 TH n *‘*41 ¥ m
T 80 o : R = —&—8dB
£ 100 — e ———— =% = —¥—2d8
0 -120 = T — Y — —%—_4dB
-14.0 : —— L ! \ .
-16.0 A a—— — o . —8—-10dB
-18.0 —————— — A — —-20dB
M ! ’ [ ] b 1} YR
-20.0 ; — N — \ —
22,0 2T — b—— kQ —
-24.0 T ' : \ :
-26.0 ] : - \ !
-28.0 = ‘ 2 -
10 100 1000 10000 100000
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UHURA SPKR GAIN 3.0V SUPPLY FAST DEVICE INPUT TO Al6

Frequency (Hz)

16'0 1 L 1 ! ] i Il [N Ll 1]
14.0 " ety A A AR
ol ::ﬁ ;::'?J‘—_—’_HI‘:’;‘;’EE —&—14dB
8.0 : Ho—e o 0—9—9-00 060000 —>~12d8B
6.0 ] 3 } = —%—10dB
;-g ¢ —e—8dB
’ S R = ——6dB
F 00 — = i e
3z 20/ o . i , CHHHOCH ] —=—4dB
£ 40 X Pty 2 ittty 2dB
© 0 T v v v X + VXY T
(0} -g.g = % O e i —0—0dB
-10.0 - o o—=0 roam OO0 ——-2dB
-12.0 : b A—4dB
-14.0 - *: > —3¢--6dB
== x-ac
20.0 : ; S —o—-10dB
220 = - —+—-12dB
10 100 1000 10000 100000 |—e—-14dB
Frequency (Hz)
UHURA SPKR GAIN 3.3V SUPPLY FAST DEVICE INPUT TO Al6
18.0 : — — ; —
16.0 : . — = T
14.0 A— —h— e e S e el el
12.0 e R R R RN —A—14dB
12.8 o ; --;-B:-—i t-+-*-*—**?'§ﬁ9ﬁ* —~3-~12dB
0 F—o— —90 000000000
6.0 : ; —— e ma —%—10dB
4.0 : , = —o—8dB
-~ 20 : P +—6dB
T 00 0500000000 ——4dB
g 20 L=l 0—10 OO CHH-OOHOOHH
‘a _40 ‘é‘ | .; : ‘: hA. ‘Ad :‘ A AA A L W ) 2dB
© 80 e oS —eees ‘ —o—0dB
-8.0 ¥ o : T ' o —0—-2dB
- e o R— OGO S
_12‘8 O OOt OO SO JOROC —A—-4dB
14,0 ': + — e —X¥—-6dB
-16.0 . : - . —%—-8dB
-;g-g o : : — ~0---10dB
-20. ———— : — :
22,0 - - = +—-12dB
10 100 1000 10000 100000 | —*—-14d8
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UHURA SPKR GAIN 3.6V SUPPLY FAST DEVICE INPUT TO Al6

18‘0 1 I L [l [l Ly
16.0 i T + T
14.0 : 2 )
12.0 y *‘;;E %: —A—14dB
10.0 ¥ R — = ——12dB
gg ’ trrl: L d - . 58 —%—10dB
40 = —e—8dB
- 20 = +—6dB
g 00 e oL — PP 00009 ——4dB
£ :i'g T HHH X A A L ; 2dB
[ . - —— -
O g0 + =+ e L EE—T ol = —o0—0dB
-g 0 my §:: ——-2dB
:12'8 . =5 ] Suhd v, —A—-4dB
. !
-14.0 — -:0-0- —¥—-6dB
-16.0 : —%—-8dB
-18.0 —0—-10dB
-20.0 !
-22.0 ! ——-12dB
10 100 1000 10000 100000 |—4—-14dB
Frequency (Hz)
UHURA SPKR GAIN 3.3V SUPPLY FAST DEVICE INPUT TO Al6
WITH SAMPLING
16.0 ‘ l ;i
14.0 At A = 17
12.0 : ' B :
. 1 T T iy .\
10.0 — —— A
8.0 3 > et SV I 1
6.0 . I o
4.0 ! : . e
20 ; - — i
= 00 o : :
£ 40 H ] < ——8dB
] T v 1 o ;
® 60 : — Y = —%—0dB
-8.0 L4 > ety d O— T . \ i —e—-8dB
-10.0 i T — paa :
-12.0 — 3 : %% —-14dB
-14.0 e ; — — -
-16.0 : ; ; R — Y —
-18.0 ; ! : H A :
-20.0 : ' : ' = :
22,0 : . —t
10 100 1000 10000 100000

Frequency (Hz)
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Frequency (Hz)

UHURA SPKR GAIN, SINGLE ENDED, 3.3V SUPPLY,
FAST DEVICE, INPUT TO Al6
100 T S AT :
6.0 <D : n % —A—8dB ;
) 8 o A1 ] —%—6dB
20| 8 LTl ~—2dB
~ o = ——0dB
8 ol <o 248
£ -10.0 &l —=—_4dB ||
G oA |
K -15.8 —0—-6dB
-16.0 ) —0—-8dB
-18.0 = —A—-10dB
-20.0 = -+ ——-12dB
220 1= -
240 & | —%—-14dB
-26.0 ; —0—-16dB
-28.0 ——-18dB
10 100 1000 10000 100000 |_o o0um |
Frequency (Hz) '
UHURA SPKR GAIN, SINGLE ENDED, 3.3V SUPPLY, 5
FAST DEVICE, INPUT TO Al6, WITH SAMPLING ,
o e A e
60 e e e A e
40 X i
2.0 v — CoAR A —— A
0.0 =1 P
o ] ' xX A
jg ; * f \h )!x ;
g o0 - | - —A—8dB :
I .80 i \ :
.5 -10.0 G @ ! \&&‘ —»%—2dB :
6 -120 o= E *ﬁ‘l\ —t —¥—-4dB !
-14.0 5 ; N \ —e—-10dB ..
212‘3 A .ﬂi X $—-200B |
. " P 1
-20.0 - : !
22,0 = : —— “’q‘
-24.0 F i N Y
-26.0 — - : )
-28.0 L m—— ' X
10 100 1000 10000 100000
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SPEAKER AMPLIFIER PSRR DATA
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-30.0

UHURA SPKR PSRR, 3.1V SUPPLY, SLOW DEVICE

-40.0

-50.0

Al
{
!
[

=
¢E—'—--§
-

-60.0

‘\ - 1

PSRR(dB)

3 |
i v&

-70.0

-80.0

-90.0

10

100 1000 10000
. Frequency (Hz)

100000

—&—14dB Gain w/o Samp —l—0dB Gainw/o Samp —#—-14dB Gain w/o Samp —>—OFF w/o Samp
—6—14dB Gainw/ Samp —@—0dB Gainw/Samp  ——-14dB Gain w/ Samp —=—OFF w/ Samp °

-30.0

UHURA SPKR PSRR, 3.3V SUPPLY, SLOW DEVICE

-40.0

-50.0 —>=¢3;_$

7 Ty ~—
g A RN S— .
T 1 1
€ -60.0 %
% ] —
o ] 3
-70.0 . l k "'*W?
. Tt . T T INAI
10 — o 1 i ! : T
i i
[ a
-80.0 i e
——T : —
—— = : %
-90.0 : ‘ L *
10 100 1000 10000

Frequency (Hz)

100000

—&—14dB Gain w/o Samp —M—0dB Gain w/o Samp —&—-14dB Gain w/o Samp —%—OFF w/o Samp
—6—14dB Gainw/ Samp —€—0dB Gainw/Samp  —+—-14dB Gain w/ Samp —=— OFF w/ Samp
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UHURA SPKR PSRR, 2.8V SUPPLY, NOMINAL DEVICE

-30.0 : ,

-40.0

-50.0 1 =

-60.0 -

114

PSRR({dB)

-70.0

-80.0

-80.0

10 100 1000 10000 100000
Frequency (Hz)

—&o—14dB Gain w/o Samp —#i—0dB Gain w/o Samp —&—-14dB Gain w/o Samp —»~—OFF w/o Samp
—e—14dB Gainw/ Samp —@—0dB Gainw/ Samp  —+—-14dB Gain w/ Samp ~—=—OFF w/ Samp

UHURA SPKR PSRR, 3.3V SUPPLY, NOMINAL DEVICE

-30.0 ] ' [ i Vo . ] [
T 1 : Tl | L i 1 | 1!
R H T ! 1 ! [
1 0 1y H b v t 1
-40.0 e — T Sem—
T e ! it > |
T et : - : .
; . T ; 9<&7Q R : i
-50.0 — — ’ f % i
. : T — T
% TNy '|‘ . l= % :
E -60.0 = ‘ : <
g RS T T T :
. : I ;
T T i i : [ [ IE
-70.0 — ' S " . }
. [ . v A o : ;
) i [N ] [ ' 1 |
-80.0 ] BE E 5
! f T 1 1 i
| l RN !!I { { i i
-90.0 . — . [ ; ; :
10 100 1000 10000 100000 !
Frequency (Hz) . !

i—0—14dB Gain w/o Samp —#—0dB Gainw/o Samp —&—-14dB Gain w/o Samp —>—OFF w/o Samp '
i i—e—14dB Gainw/ Samp —@—0dB Gainw/Samp  —+—-14dB Gain w/ Samp —=—OFF w/ Samp ;
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-30.0

UHURA SPKR PSRR, 3.1V SUPPLY, FAST DEVICE

-40.0

-50.0
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