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(57) ABSTRACT 
A wireless data transceiver comprises a data bus, a first slave 
device and a second slave device. The first slave device and 
the second slave device are coupled to the data bus such that 
both devices can detect transmitted data packets. The trans 
ceiver further comprises an interface device coupled to the 
data bus. The interface device is configured to convert data 
formatted according to a first protocol to a second protocol, 
and Vice-versa. The transceiver further comprises a first mas 
ter controller and a second master controller coupled to the 
interface device. The first master controller receives first data 
formatted according to the second protocol and outputs data 
packets having a first slave address corresponding to the first 
slave device. The second master controller receives second 
data formatted according to the second protocol and outputs 
data packets having a second slave address corresponding to 
the second slave device. 
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ADDRESS BASED SERAL 
COMMUNICATION INTERFACE FOR 
CONTROLAND MONITORING OF 

SYSTEM-ON-CHPIMPLEMENTATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Patent Application No. 61/720,306, entitled “COMPACT 
AND LOW-POWER MILLIMETER-WAVE INTE 
GRATED VCO-UPFDOWN-CONVERTER WITH GAIN 
BOOSTING” and filed on Oct. 30, 2012, to U.S. Provisional 
Patent Application No. 61/720.321, entitled “MILLIME 
TER-WAVE MIXED-SIGNAL AUTOMATIC GAIN CON 
TROL and filed on Oct. 30, 2012, and to U.S. Provisional 
Patent Application No. 61/720.311, entitled “ADDRESS 
BASED SERIAL COMMUNICATION INTERFACE FOR 
CONTROL AND MONITORING OF SYSTEM-ON-CHIP 
IMPLEMENTATIONS and filed on Oct. 30, 2012, the entire 
contents of which disclosures are herewith incorporated by 
reference. 
0002 This application is related to U.S. patent application 
Ser. No. entitled “COMPACT AND LOW-POWER 
MILLIMETER-WAVE INTEGRATED VCO-UPFDOWN 
CONVERER WITH GAIN-BOOSTING and filed On 

Attorney Docket No. SERSY.001A), U.S. patent 
application Ser. No. entitled “MILLIMETER 
WAVE MIXED-SIGNALAUTOMATIC GAIN CONTROL 
and filed on Attorney Docket No. SERSY.003A), 
and U.S. patent application Ser. No. entitled “LOW 
NOISE AND LOSS BIASING CIRCUIT and filed on 

Attorney Docket No. SERSY.007A), the entire con 
tents of which disclosures are herewith incorporated by ref 
CCC. 

BACKGROUND 

0003 Transceivers receive and transmit signals using a 
variety of analog and/or digital components. The character 
istics and performance of the analog and/or digital compo 
nents can vary over time. For example, the internal tempera 
ture of the transceiver can affect the characteristic or 
performance of the analog and/or digital components. 
0004 Typically, transceivers can be designed to account 
for variations in the characteristics or performance of the 
analog and/or digital components. However, ifa transceiver is 
built on silicon or a similar Substrate, the design constraints 
can be very narrow. Such constraints can be even more restric 
tive when designing transceivers for low-power, high fre 
quency applications. 

SUMMARY 

0005. It may be desirable to introduce digital controls 
around the analog and/or digital components to control the 
characteristic or performance of transceiver components. The 
digital controls can be used to both test components of the 
transceiver and adjust the characteristic or performance of 
one or more components during operation. The digital con 
trols can be configured Such that the characteristic or perfor 
mance of the one or more components are adjusted without 
interfering with the operation of the transceiver. 
0006. In some embodiments, the digital controls are 
implemented using an address based serial communication 
interface (ABSCI) protocol that interfaces with a serial 
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peripheral interface (SPI) protocol or an inter-integrated cir 
cuit (I2C) protocol. The digital controls can include one or 
more master controllers. Master controllers may use the SPI 
or I2C protocol to transmit messages to an interface device, 
which then uses the ABSCI protocol to forward the messages 
to the various components to control the operation of the 
components that receive the messages. For example, one 
master controller can be configured to communicate with an 
interface device, which is configured to forward messages to 
a plurality of components using a single data bus. The master 
controller can construct messages that target a single compo 
nent, two or more components, or all of the components. The 
components themselves may also act as master controllers, 
transmitting control messages to other components. The digi 
tal controls can include multiple master controllers, each 
master controller controlling the operation of a different part 
of the transceiver. 

0007. One aspect of the disclosure provides a wireless data 
transceiver. The transceiver comprises a data bus. The trans 
ceiver further comprises a first layer comprising a first slave 
device. The first slave device may be coupled to the data bus 
such that the first slave device detects transmissions on the 
data bus. The transceiver further comprises a second layer 
comprising a second slave device, the second slave device 
coupled to the data bus. The transceiver further comprises an 
interface device coupled to the data bus. The interface device 
may be configured to convert first data packets formatted 
according to a first protocol to a second protocol and to 
convert second data packets formatted according to the first 
protocol to the second protocol. The transceiver further com 
prises a first master controller coupled to the interface device. 
The first master controller may be configured to receive first 
data packets formatted according to the second protocol and 
to output third data packets having a first slave address cor 
responding to the first slave device. The transceiver further 
comprises a second master controller coupled to the interface 
device. The second master controller may be configured to 
receive second data packets formatted according to the sec 
ond protocol and to output fourth data packets having a sec 
ond slave address corresponding to the second slave device. 
0008 Another aspect of the disclosure provides a method 
for adjusting a characteristic of a wireless data transceiver. 
The method comprises transmitting, by a first slave device, 
first data formatted according to a first protocol to a master 
controller. The method further comprises receiving, by the 
first slave device from the master controller, a first instruction 
in a packet from a data bus. The first instruction may be 
generated based on the first data. The packet may have a 
destination address of a first slave address corresponding to 
the first slave device. The method further comprises adjust 
ing, by the first slave device, a characteristic of the first slave 
device based on the first instruction. The method further 
comprises generating, by the first slave device, a second 
instruction based on the first instruction. The method further 
comprises transmitting, by the first slave device, the second 
instruction to a second slave device that adjusts a character 
istic of the second slave device based on the second instruc 
tion. 

0009. Another aspect of the disclosure provides a wireless 
data transceiver. The transceiver comprises a data bus. The 
transceiver further comprises a first slave device coupled to 
the data bus. The first slave device may be configured to read 
a first data packet comprising a first slave address and to 
transmit a second data packet. The transceiver further com 
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prises an interface device coupled to the data bus. The inter 
face device may be configured to convert the first data packet 
formatted according to the second protocol to the first proto 
col. The transceiver further comprises a master controller 
configured to transmit the first data packet to the interface 
device based on the second data packet received from the first 
slave device. The first data packet may comprise a first 
instruction. The first data packet may comprise a destination 
address of the first slave address. The interface device may be 
further configured to transmit the first data packet over the 
data bus. The transceiver further comprises a second slave 
device configured to receive a third data packet from the first 
slave device. The third data packet may comprise a second 
instruction. The first slave device may be configured to 
execute the first instruction. The second instruction may be 
based on the first instruction. 
0010 Certain aspects, advantages and novel features of 
the inventions are described herein. It is to be understood that 
not necessarily all Such advantages may be achieved in accor 
dance with any particular embodiment of the inventions dis 
closed herein. Thus, the inventions disclosed herein may be 
embodied or carried out in a manner that achieves or selects 
one advantage or group of advantages as taught herein with 
out necessarily achieving other advantages as may be taught 
or Suggested herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. Throughout the drawings, reference numbers can be 
re-used to indicate correspondence between referenced ele 
ments. The drawings are provided to illustrate embodiments 
of the inventions described herein and not to limit the scope 
thereof. 
0012 FIG. 1 illustrates a block diagram of an example 
MMW transceiver. 
0013 FIG. 2 illustrates a block diagram of an example 
address based serial communication interface (ABSCI) con 
trol and monitoring system that includes an ABSCI interface 
device and one or more Sub-blocks in communication with 
each other via an ABSCI data bus. 
0014 FIG. 3 illustrates a block diagram of a layout of an 
example master device, ABSCI interfaces, and sub-blocks in 
a system on a chip (SoC). 
0015 FIG. 4 illustrates a block diagram of a layout of 
example master devices, ABSCI interfaces, and sub-blocks in 
an SoC. 
0016 FIG. 5 illustrates a block diagram of an example 
ABSCI Sub-block. 
0017 FIG. 6 illustrates an example bias-T circuit. 
0018 FIG. 7 illustrates a chip diagram of an example 
sub-block. 
0019 FIG. 8 illustrates an example packet generated by an 
ABSCI interface device. 
0020 FIG. 9 illustrates an example ABSCI read path for 
one or more of the sub-blocks of FIG. 2. 
0021 FIG. 10 illustrates a schematic diagram of an 
example bus junction. 
0022 FIGS. 11-13 illustrate example automated start-up 
procedures for a phase lock loop (PLL). 
0023 FIG. 14 illustrates a block diagram of an example 
switch controller. 
0024 FIG. 15 illustrates a flowchart of an embodiment of 
a method for adjusting a characteristic of a wireless data 
transceiver. 
0025 FIG. 16 illustrates an example docking system. 
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DETAILED DESCRIPTION 

Introduction 

0026 Consumer electronics may be equipped with com 
munication devices that permit the wireless transfer of data. 
For example, consumer electronics can include Wi-Fi chips to 
communicate via the IEEE 802.11 standard, Bluetooth chips 
to communicate via the Bluetooth communication protocols, 
or other Such chips. As wireless communication technology 
has improved, more and more data is being transferred using 
wireless means. 
0027 Traditionally, large data files (e.g., audio files, video 

files, uncompressed image files, such as in the RAW format, 
etc.) have been transferred using conventional wired proto 
cols even as wireless communication technology has 
improved due to the power consumption and delay associated 
with transferring such large data files. However, the ability to 
transfer large data files wirelessly from one electronic device 
to another may benefit both users and the manufacturers of 
electronic devices that manage these large data files if power 
consumption and delay can be reduced. Users may see a 
reduction in incompatibility issues between devices and less 
clutter. As for manufacturers, the connection ports and cables 
often dictate the shape and size of the electronic device. In 
fact, because cables and connectors should be large enough so 
that they can be handled by adult humans, electronic devices 
are often designed to be larger than they otherwise need to be. 
Thus, the ability to transfer large data files wirelessly could 
significantly reduce the form factor of electronic devices that 
manage large data files. 
0028 Transceivers that communicate in the millimeter 
wave (MMW) frequencies may be able to handle the wireless 
transfer of large data files at high data rates and low power 
consumption. Accordingly, described herein are transceivers 
and components thereof that can achieve the goals described 
above. While aspects of the disclosure are described herein 
with respect to MMW frequencies, this is not meant to be 
limiting. As an example, MMW frequencies may be centered 
at 60 GHz, although higher and lower frequencies may also be 
considered MMW frequencies. However, the features 
described herein apply to any device that communicates at 
high frequencies (e.g., 2.4 GHz, 5 GHz, 20-120 GHz, higher 
frequencies than 120 GHz, frequencies less than 20 GHz, and 
the like). 
0029. For instance, a MMW transceiver as described 
herein may include a control unit that uses a high-speed serial 
communication interface to control and monitor highly inte 
grated system-on-chip (SoC) implementations that include 
one or more slave devices. Each slave device (or slave) may 
have a unique address and be connected to a bus. SoCs, like 
ultra-high speed radio transceivers (such as the MMW trans 
ceiver), may include a strong communication setup for dif 
ferent blocks within the chip to interact with each other. In 
certain embodiments, an address-based serial communica 
tion interface is described herein that may enable this intra 
chip communication setup. When compared to two currently 
available serial communication protocols available today 
(namely, serial peripheral interface (SPI) and the inter-inte 
grated circuit (I2C) protocol), embodiments of this interface 
can offer significant advantages in terms of data rate, Scal 
ability, timing constraint flexibility, and/or ease of use in SoC 
applications. This interface may be especially beneficial for 
MMW applications, in which the time frame during which 
adjustments can be made is often very short. For example, 
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under certain conditions, in an embodiment of the interface, a 
chip select line for some or all slaves is eliminated so that the 
number of slaves allowable is not limited (or is at least 
increased). For realizing speeds in excess of 250Mbps, some 
of the existing handshaking signals, such as an acknowledge 
signal, can be eliminated. Instead, the MMW transceiver can 
use system monitoring to ensure or attempt to ensure correct 
data transmission. The reduction in overhead may reduce 
power consumption and may be beneficial for low-power 
MMW applications. 
0030. In certain embodiments, the serial interface 
described herein can be used for systems (e.g., MMW trans 
ceivers) with a single master device (or master) and a scalable 
number of slave devices. Each of these slaves (or a subset 
thereof) can provide a robust interface for control and moni 
toring of any Sub-system in the SoC with the underlying 
communication fabric. The system described herein may also 
Support multiple masters, using (for example) an I2C (or SPI) 
interface block. Special broadcast modes are also described 
that, in certain embodiments, enable simultaneous configu 
ration of some or all the slaves within a specified time. A 
software reset feature can also be implemented to reduce the 
number of 10 s. 

0031. The I2C and SPI protocols were not designed for 
SoC applications (internal communication) and hence have 
significant overheads (e.g., contention-detection, acknowl 
edge cycle, individual slave select line per slave, etc.) when 
used in intra-chip communication. This overhead leads to 
slower speeds, less flexibility, and higher overall cost in terms 
of power consumption and area. 
0032. The standard I2C serial communication protocol 
may include a two-wire interface. The protocol may use two 
open-drain wired-AND lines with external pull-up resistors. 
Each of the two wires has a driver circuit with sensing logic to 
identify contention issues. Data transmission occurs in bytes 
with some or all bytes followed up with an Acknowledge 
(ACK) cycle. I2C is half-duplex, and the maximum realizable 
throughput in Some implementations is 3.4 Mbps. Typical 
applications for I2C are memory and computer peripherals, 
which are mostly digital blocks. However, the standard I2C 
protocol is modified at least in part to become a modified I2C 
protocol for purposes of this disclosure. 
0033. The standard SPI protocol is a 4-wire, full-duplex 
serial communication interface. Multiple slaves are Sup 
ported with individual Slave Select (SS) lines. Since a master 
initiates the communication with the slaves, there is no over 
head in SPI due to arbitration logic. As a result, SPI can have 
throughputs of up to 70 Mbps. However, this scheme typi 
cally uses one SS line for each slave SPI module and therefore 
tends to be less scalable. The SPI bus can be configured in a 
wired-OR configuration or can be daisy-chained. Typical 
applications for SPI include analog and mixed-signal blocks, 
Such as analog-to-digital converters (ADCs), real time clock 
(RTC) generators, and brown-out detectors. However, the 
standard SPI protocol is modified at least in part to become a 
modified SPI protocol for purposes of this disclosure. 
0034. For ease of illustration, various features are 
described herein with respect to MMW transceivers. How 
ever, some or all of these features may also be implemented in 
other transceivers, receivers, or transmitters designed for 
wavelengths other than millimeter waves. Furthermore, for 
ease of illustration, this specification refers generally to sys 
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tems implemented in SoCs. However, the features described 
herein may be more generally implemented in any integrated 
circuit (IC). 
0035. Further, the systems and methods described herein 
can be implemented in any of a variety of electronic devices, 
including, for example, cell phones, Smartphones, personal 
digital assistants (PDAs), tablets, mini-tablets, laptops, desk 
tops, televisions, digital video recorders (DVRs), set-top 
boxes, media servers, audio/visual (NV) receivers, video 
game systems, high-definition disc players (such as Blu-ray(R) 
players), computer peripherals (such as mice, keyboards, 
scanners, printers, copiers, and displays), universal serial bus 
(USB) keys, cameras, routers, switches, other network hard 
ware, radios, Stereo systems, loudspeakers, Sound bars, appli 
ances, vehicles, digital picture frames, and medical devices, 
to name a few. 
0036. For purposes of summarizing this disclosure, cer 
tain aspects, advantages and novel features of several 
embodiments have been described herein. It is to be under 
stood that not necessarily all such advantages can be achieved 
in accordance with any particular embodiment of the embodi 
ments disclosed herein. Thus, the embodiments disclosed 
herein can be embodied or carried out in a manner that 
achieves one advantage or group of advantages as taught 
herein without necessarily achieving other advantages as 
taught or suggested herein. 

MMW Transceiver Overview 

0037 FIG. 1 illustrates a block diagram of an example 
MMW transceiver 100. As described above, the MMW trans 
ceiver 100 includes various input ports, output ports, analog 
components, and/or digital components. For example, as 
illustrated in FIG. 1, the MMW transceiver 100 includes an 
RF in port and an RF out port. The RF in port is configured 
to receive MMW signals transmitted by another device within 
a set frequency range (e.g., a MMW frequency range, such as 
57-66 GHz, etc.). The RF out port is configured to transmit 
MMW signals to one or more devices within a set frequency 
range (e.g., a MMW frequency range, such as 57-66 GHz, 
etc.). 
0038. The MMW transceiver 100 further includes compo 
nents to process signals received via the RF in port and/or 
generate signals to be transmitted via the RF out port. For 
example, the MMW transceiver 100 includes PLL 102, LO 
104, signal distribution block (e.g., splitter) 106, gain blocks 
108 and 110, up-conversion frequency mixer 112, down 
conversion frequency mixer 114, amplifiers 116, 118, 120, 
and 122, baseband (BB) blocks 124 and 126, mixed-signal 
modem 130, digital enhancement and control unit 140, and 
voltage regulator 150. In an embodiment, PLL 102 and LO 
104 generate a LO signal that is passed to the signal distribu 
tion block 106 and the gain blocks 108 and 110. The signal 
distribution block 106 can be configured to distribute the LO 
signal to multiple components. Gain blocks 108 and 110 
amplify the LO signal so that the LO signal can properly drive 
the frequency mixers 112 and/or 114. However, in other 
embodiments, as described herein, one of more of the gain 
blocks 108 and/or 110 can be removed. 
0039. In some embodiments, the MMW signal received 
via the RF in port is passed to amplifier 118. As an example, 
amplifier 118 may be a low noise amplifier (LNA). The ampli 
fier 118 can adjust the amplitude of the received MMW signal 
and pass it to the down-conversion frequency mixer 114. The 
down-conversion frequency mixer 114 can down-convert the 



US 2014/O 122756 A1 

MMW signal from a MMW frequency to an intermediate 
frequency (IF) or a BB frequency using the LO signal. The 
down-converted signal then passes through amplifier 114 
before being processed by the BB blocks 124. 
0040 Likewise, the MMW signal transmitted via the 
RF out port is generated based on a signal generated by the 
BB blocks 126 that passes through amplifier 122 and the LO 
signal. In an embodiment, the signal generated by the BB 
blocks 126 is a BB or IF signal. The up-conversion frequency 
mixer 112 upconverts the BB or IF signal to a MMW signal 
using the LO signal. The MMW signal may pass through 
amplifier 116 before transmission occurs. 
0041. In some embodiments, the mixed-signal modem 
130 is a digital component that transmits data to and receives 
data from other components of an electronic device (e.g., 
memory, a processor, etc.). For example, the data can be 
communicated via a 32-bit data bus. Data received by the 
mixed-signal modem 130 via the data bus can be transferred 
to the BB blocks 126. Likewise, data received by the mixed 
signal modem 130 from the BB blocks 124 can be transferred 
to other components of the electronic device via the data bus. 
0042 Digital enhancement and control unit 140 provides 
digital means for controlling the various analog and/or digital 
components of the MMW transceiver 100. For example, digi 
tal enhancement and control unit 140 can adjust the charac 
teristic or performance of the amplifier 118, the down-con 
version frequency mixer 114, and so on. 
0043. In an embodiment, voltage regulator 150 generates 
an approximately constant voltage (e.g., 1.2V) that is Sup 
plied to one or more components of the MMW transceiver 
100. The voltage regulator 150 may generate the approxi 
mately constant Voltage based on an unregulated Voltage 
(e.g., 3.3V) received via a port of the MMW transceiver 100. 

Address-Based Serial Communication Interface for SoC 
Applications 

0044 FIG. 2 illustrates a block diagram of an address 
based serial communication interface (ABSCI) control and 
monitoring system 200 that includes an ABSCI interface 
device 205 and one or more sub-blocks 210a-N in commu 
nication with each other via an ABSCI data bus 220. In an 
embodiment, the ABSCI interface device 205 is a hardware 
processor or controller embedded in the digital enhancement 
and control unit 140. The sub-blocks 210a-N can be slave 
devices because they are controlled by a master device (not 
shown) that communicates with the ABSCI interface device 
205. Each of the sub-blocks 210a-N can include an analog 
and/or digital component of the MMW transceiver 100, a 
hardware processor or controller, and/or other similar cir 
cuitry. The sub-blocks 210a-Nare described in greater detail 
below with respect to FIG. 5. 
0045. In a highly integrated SoC, like a wireless commu 
nication transceiver SoC (e.g., MMW transceiver 100), 
numerous sub-blocks 210a-N, spread across the entire chip 
(or a portion thereof), may be monitored and controlled for 
improved performance. Because the total number of read and 
write bits in many chips can be in the hundreds or thousands, 
it can be extremely inefficient to use one I2C/SPI block to 
route all the lines individually across the chip to each sub 
block 210a-N. Thus, as described herein, one I2C/SPI block 
can interface with an ABSCI control and monitoring system 
that can provide efficient access to one or more of the sub 
blocks 210a-N. 
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0046. The ABSCI described herein can be a scalable con 
trol and monitoring solution for highly-integrated SoC sys 
tems that include transceivers like the MMW transceiver 100. 
As illustrated in FIG. 2, the ABSCI interface device 205 is an 
example device used in the ABSCI control and monitoring 
system 200 to control N sub-systems (e.g., sub-blocks 210a 
N) in the MMW transceiver 100 (where N is an integer). In an 
embodiment, each of the N sub-blocks 210 has a unique 
address (e.g., an m-bit address, where m is an integer and N is 
less than or equal to 2") that may be transmitted as part of the 
control data sequence. 
0047. The ABSCI control and monitoring system 200 may 
appear as a single SPI or I2C slave to an external controller 
(e.g., a controller operated by the digital enhancement and 
control unit 140, a controller located outside the MMW trans 
ceiver 100 in the SoC, etc.) that interacts with the SoC. For 
example, the ABSCI interface device 205 can be a block that 
interacts with the external controller via the standard SPI or 
I2C interface and that interacts with the sub-blocks 210a-N 
using the ABSCI data bus 220 and the ABSCI protocol 
described below. 
0048. In certain embodiments, the ABSCI interface device 
205 is a three-way SPI, I2C, and ABSCI interfacing block 
configured to interface the high speed ABSCI data bus 220 
described herein with the SPI and I2C protocols. The master 
device 205 can advantageously handle the exchange of data 
between three different clock domains in certain embodi 
ments. For example, the SPI, I2C, and ABSCI protocols may 
each run on different clock domains. A data rate adaptation 
logic block, not shown, can also be provided. 

ABSCI Control and Monitoring System Layout 
0049 FIG. 3 illustrates a block diagram of a layout of a 
master device 302, ABSCI interfaces 205a-c, and sub-blocks 
310-315,320-321, and 330 in SoC 300. As illustrated in FIG. 
3, master device 302 communicates with ABSCI interfaces 
205a, 205b, and/or 205c. In an embodiment, master device 
302 is an external controller (e.g., a processor) located outside 
an ABSCI control and monitoring system that uses the stan 
dard SPI or I2C protocol. Each ABSCI interface device 
205a-c communicates with one or more sub-blocks 310-315 
via ABSCI data bus 360 in the depicted embodiment. Fur 
thermore, sub-block 311 may communicate with sub-block 
320, sub-block 320 may communicate with sub-block 330, 
and sub-block 314 may communicate with sub-block 321. In 
some embodiments, one of more of sub-blocks 311,320,330, 
314, and/or 321 communicate with other sub-blocks using the 
ABSCI data bus 360. In other embodiments, one or more of 
sub-blocks 311,320,330, 314, and/or 321 communicate with 
other sub-blocks using an ABSCI data bus other than the 
ABSCI data bus 360. Thus, sub-blocks like sub-blocks 311, 
320, 314 can act both as a slave device (e.g., by receiving 
instructions from master device 302) and as a master device 
(e.g., by providing instructions to other sub-blocks 320, 321, 
and 330). A given sub-block may act as both a slave and a 
master at the same time or at different times. 
0050. In an embodiment, the ABSCI control and monitor 
ing system controls and monitors Sub-blocks spread over 
multiple chips 342, 344, and 346. For example, chips 342, 
344, and 346 may be separate portions of the MMW trans 
ceiver 100. Chip 342 could be the application layer of the 
MMW transceiver 100. Chip 344 could be the BB (e.g., 
physical layer and data link layer) of the MMW transceiver 
100. Chip 346 could be the RF analog front end of the MMW 
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transceiver 100. In order to support standard serial interfaces, 
an ABSCI interface device 205a-c is provided in one or more 
of chips 342, 344, and 346. For example, the master device 
302 communicates with one of ABSCI interfaces 205a-c, 
which serves as an interface to the sub-blocks 310-315. As 
another example, the master device 302 communicates with 
some or all of the ABSCI interfaces 205a-c, which each serve 
as an interface for the sub-blocks 310-315 in the same chip 
342, 344, or 346. In some embodiments, one or more of the 
ABSCI interfaces 205a-c can transfer fully duplex data (or 
half-duplex data) and control signals from external SPI/I2C 
master devices, such as master 302, to the sub-blocks 310 
315, 320-321, and/or 330 and hence serve as terminal blocks 
for the on-chip ABSCI data bus 360. 
0051. In some embodiments, the SoC allows the ABSCI 
control and monitoring system to function in a multi-master 
environment. FIG. 4 illustrates a block diagram of a layout of 
master devices 402,404, and 406, ABSCI interfaces 405a-c, 
and sub-blocks 310-315, 320-321, and 330 in SoC 400. As 
illustrated in the example embodiment of FIG. 4, master 
device 402 communicates with ABSCI interfaces 205a, mas 
ter device 404 communicates with ABSCI interface device 
205b, and master device 406 communicates with ABSCI 
interface device 205c. Master devices 402,404, and 406 may 
be similar to master device 302 of FIG. 3. In other embodi 
ments, not shown, master devices 402, 404, and 406 each 
communicate with the same ABSCI interface device 205a-c. 

0.052. In some embodiments, ABSCI interface device 
205a communicates with Sub-blocks 310 and 311 via ABSCI 
data bus 460, ABSCI interface device 205b communicates 
with sub-blocks 312 and 313 via ABSCI data bus 470, and 
ABSCI interface device 205c communicates with sub-blocks 
314 and 315 via ABSCI data bus 480. Furthermore, the Sub 
blocks 310-315, 320-321, and 330 may communicate with 
each other as described above with respect to FIG. 3. In other 
embodiments, not shown, each ABSCI interface device 
205a-c communicates with the respective sub-blocks 310 
315, 320-321, and/or 330 using the same ABSCI data bus 
460, 470, or 480. 
0053. In an embodiment, at least some master devices are 
associated with a chip 342, 344, or 346 of the MMW trans 
ceiver 100 and provide instructions or otherwise communi 
cate only with the sub-blocks of that chip. For example, 
master device 406 is associated with chip 346 and communi 
cates indirectly only with sub-blocks 314,315, and/or 321. In 
further or alternative embodiments, at least some master 
devices are associated with a portion of a chip 342, 344, or 
346 of the MMW transceiver 100 and provide instructions or 
otherwise communicate at least with one sub-block of that 
chip. For example, master device 404 is associated with chip 
344 and communicates indirectly with sub-blocks 312 and 
313, but not with sub-blocks 311, 320, or 330. In further or 
alternative embodiments, at least some master devices are 
associated with a plurality of chips 342, 344, or 346 of the 
MMW transceiver 100 and provide instructions or otherwise 
communicate at least with one sub-block of the plurality of 
chips. For example, master device 402 is associated with 
chips 342 and 344 and communicates indirectly with sub 
blocks 310, 311, 320, and/or 330. 
0054 Having multiple master devices in a SoC may pro 
vide several benefits. For example, multiple master devices 
allow for the simultaneous or nearly simultaneous control and 
adjustment of different portions of the SoC. One master 
device can control a first portion of the SoC, such as the 
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application layer, and another master device can control 
simultaneously or nearly simultaneously a second portion of 
the SoC, such as the baseband layer. As another example, by 
associating Sub-blocks with different master devices, one or 
more Sub-blocks can receive instructions more quickly 
because the master devices have fewer sub-blocks to commu 
nicate with. Thus, the performance of the SoC can be 
improved more quickly. As another example, the presence of 
multiple master devices can reduce the number of lines placed 
throughout the SoC. With master devices interspersed 
throughout the SoC, each master device can be placed physi 
cally closer to the sub-blocks, thereby reducing the number of 
lines. 

ABSCI Sub-Blocks 

0055 FIG. 5 illustrates a block diagram of an ABSCI 
sub-block, which is a more detailed example embodiment of 
the sub-block 210 of FIG. 2. As illustrated in FIG. 5, the 
sub-block 210 includes a controller 504, an analog and/or 
digital component 506, a bias-T circuit 508, and a sensor 510. 
The sub-block 210 communicates with the ABSCI interface 
device 205 via the ABSCI data bus 220. 

0056. In an embodiment, the controller 504 (e.g., a hard 
ware processor) receives instructions from the ABSCI inter 
face device 205 over the ABSCI data bus 220 and sends 
messages back to the ABSCI interface device 205 (which may 
be forwarded to the external controller or master device). 
Messages transmitted between the ABSCI interface device 
205 and the controller 504 may be communicated with the 
ABSCI protocol, described in greater detail below. 
0057 The analog and/or digital component 506 can be any 
component of the MMW transceiver 100 (e.g., an amplifier, a 
frequency mixer, a frequency divider, a digital-to-analog con 
verter, etc.). The controller 504 can adjust the behavior of the 
analog and/or digital component 506 via signal 522 based on 
instructions received from an external controller via the 
ABSCI interface device 205. 

0058. In an embodiment, the sensor 510 monitors a char 
acteristic or performance of at least a portion of the analog 
and/or digital component 506. For example, the sensor 510 
can measure the power level of a signal generated by the 
analog and/or digital component 506. As another example, 
the sensor 510 can monitor the current level in a portion of the 
analog and/or digital component 506. 
0059. In order to reduce noise injected into the signal path 
of the MMW transceiver 100 and/or in order to reduce signal 
loss, a bias-T circuit 508 may serve as an interface between 
the analog and/or digital component 506 and the sensor 510. 
The bias-T circuit 508 may sample a signal 524, which rep 
resents the signal or portion of the analog and/or digital com 
ponent 506 that the sensor 510 is monitoring, and provides a 
representation of signal 524 (as signal 526) to the sensor 510. 
The bias-T circuit 508 is described in greater detail below 
with respect to FIG. 6. The bias-T circuit 508 is optional and 
may be omitted in Some embodiments. 
0060 Once the sensor processes the signal 526 to extract 
the relevant data, Such data can be transmitted to the control 
ler 504 as signal 528. The controller 504 then provides the 
data embedded in signal 528 to the external controller via the 
ABSCI interface device 205. Based on the data received from 
the controller 504, the external controller may instruct the 
controller 504 to adjust the behavior of the analog and/or 
digital component 506 to meet desired performance levels. 
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Bias-T Circuit 

0061 FIG. 6 illustrates an example bias-T circuit, which is 
a more detailed embodiment of the bias-T circuit 508 of FIG. 
5. As illustrated in FIG. 6, the bias-T circuit 508 includes 
transistors 602, 604, 606, and 608, a resistor 612, and a 
capacitor 614. In an embodiment, the transistors 602, 604, 
606, and 608 forman active portion of the bias-T circuit 508, 
and resistor 612 and capacitor 614 form a passive portion of 
the bias-T circuit 508. 

0062. In an embodiment, an input signal is coupled to the 
gate of the transistor 602. For example, the signal in the 
analog and/or digital component 506, e.g., the signal 524, is 
coupled to the gate of the transistor 602. Thus, the bias-T 
circuit 508 may appear to have a high impedance when look 
ing into the bias-T circuit 508 from the signal path of the 
analog and/or digital component 506. Furthermore, transis 
tors 606 and 608 are flipped so that the source of each tran 
sistor 606 and 608 is coupled to supply 610. This flipped 
coupling of the transistors 606 and 608 can result in the bias-T 
circuit 508 exhibiting signal separation. The signal 524 can be 
decoupled or (in certain embodiments) isolated from Supply 
610, which decoupling can reduce noise injected into the 
signal 524 and the signal path of the analog and/or digital 
component 506. In some embodiments, the decoupling or 
isolation of the signal 524 from the supply 610 also reduces or 
eliminates the likelihood of signal loss. While aspects of the 
disclosure refer hereinto the "drain' or “source' of a transis 
tor, "drain” and “source' may be interchangeable depending 
on the type of transistor used to implement the features 
described herein. 

0063. The resistor 612 is coupled to the capacitor 614 to 
form a low pass filter. The output of the low pass filter, signal 
526, is also the output of the bias-T circuit 508. In an embodi 
ment, the signal 526 is a low frequency representation of the 
signal 524 (e.g., between 20 MHZ-100 MHz). For example, 
the low pass filter of the bias-T circuit 508 can preserve the 
relative magnitude and phase of the signal 524 in generating 
the signal 526. One or more components of the MMW trans 
ceiver 100 may monitor the relative magnitude and/or phase 
of a signal in the signal path to determine whether the MMW 
transceiver 100 is operating as desired. If the MMW trans 
ceiver 100 is not operating as desired, one or more compo 
nents of the MMW transceiver 100 can use the relative mag 
nitude and/or phase to make the appropriate adjustments. For 
instance, the sensor 510 can monitor the relative magnitude 
and/or phase of the signal 524 to determine whether the 
analog and/or digital component 506 is operating as desired 
and/or whether the operation of the analog and/or digital 
component 506 should be adjusted. Although a first-order 
low-pass filter is shown, higher order filters may be imple 
mented in other embodiments, including filters with addi 
tional resistors and capacitors. 
0064. In some embodiments, the bias-T circuit 508 can 
serve as an interface between any of the components or Sub 
systems of the MMW transceiver 100 and devices that moni 
tor such components or subsystems. The bias-T circuit 602 
can provide information about the operation of such compo 
nents or Subsystems to the monitoring devices. For example, 
Such information can include the magnitude, gain, noise, 
phase, and/or variation of signals generated by or passing 
through the components or Subsystems. Based on the infor 
mation provided by the bias-T circuit 602, such monitoring 
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devices then can adjust operation of the components or Sub 
systems to improve the performance of the MMW transceiver 
1OO. 
0065. In some embodiments, because the bias-T circuit 
508 includes just four transistors rather than the fifteen to 
twenty transistors typically seen in biasing circuits, the bias-T 
circuit 508 can handle a larger range of frequencies, has a 
more compact design, and consumes less power than tradi 
tional biasing circuits. 

Example Chip Representation of ABSCI Sub-Blocks 
0.066 FIG. 7 illustrates an example chip diagram of a 
sub-block, such as the sub-block 210 of FIG. 2. As illustrated 
in FIG.7, the sub-block 210 includes several input and output 
ports. For example, the sub-block 210 includes input ports 
aClk 702, alataIn 704, aResetin 706, aOSn 708, aAddr-a:0> 
710, and aRead)ata<r:0> 712, and the sub-block 210 
includes output ports alataOut 714, aReadEnable 716, 
aResetnOut 718, and aWriteData<w:0> 720. 
0067. In an embodiment, the ABSCI data bus 220 of FIG. 
2 includes one or more wires (e.g., 5 wires, including aspects 
of a 4-wire SPI system with an additional contention avoid 
ance signal referred to herein as ABSCI Read Enable Output 
or "aReadEnable'). A first signal on a first wire is ABSCI 
Data In (referred to herein as “alataIn’) and is sent to input 
port alataIn 704. al DataIn can include data serially pushed 
into a slave device (e.g., a Sub-block). A second signal on a 
second wire is ABSCI Data Out (referred to herein as 
“aDataOut”) and is received from output portaDataOut 714. 
alDataOut can include data serially read out of the slave 
device. A third signal on a third wire is ABSCI clock pin 
(referred to herein as “aClk’) and is sent to input port aClk 
702. aOlk can be a clock signal sent from a master device to a 
slave device. Internal registers of the sub-block 210 can be 
triggered on the rising or falling edge of the clock signal. A 
fourth signal on a fourth wire is ABSCI Common Slave Select 
(referred to herein as “aCSn) and is sent to input port aCSn 
708. aGSn may behave as a global slave select signal common 
to some or all slave devices. The master device may pullaCSn 
low during data transmission. A fifth signal on a fifth wire is 
aReadEnable and can be received from output portaReadEn 
able 716. aReadEnable can be used for read path arbitration, 
as described below with respect to FIGS. 9 and 10. aReadEn 
able can stay high for the duration for which data is serially 
shifted out of the slave device. 
0068. In an embodiment, setting the ABSCI data bus 220 
width to 5 wires enables easier full-chip routing, although 
fewer or more wires than 5 may be used in other embodi 
ments. The ABSCI control and monitoring system can be 
easily scalable, and adding newer slave devices may include 
a two-step process of (i) assigning a unique slave address to 
the new slave device and (ii) connecting the new slave device 
to the ABSCI data bus 220 using a junction block, for 
example, as described below with respect to FIGS. 9 and 10. 
0069. In some embodiments, input port aResetn 706 
receives an active low asynchronous reset input provided to 
slave devices that may originate from an external reset pin 
(e.g., external to the MMW transceiver 100, external to the 
SoC, external to the device that houses the MMW transceiver 
100, etc.). Output portaResetnCut 718 can send an active low 
synchronous pulse that can be used as a reset signal in the 
sub-block 210. The pulse can be generated via software or 
hardware (e.g., a hardware processor in the sub-block 210). 
Input portaAddr-a:0> 710 can receive an address of width 



US 2014/O 122756 A1 

“a+1 that corresponds to a particular slave device. The sub 
block 210 can match the received address with the address of 
the sub-block to determine whether to perform any opera 
tions. Input port aReadData<r:0> can receive data inputs of 
width “r-1. The sub-block 210 can serially shift the data out 
of the sub-block 210 on a read operation. Output port 
aWrite)ata<w:0> can send data of width “w--1. The data 
may be loaded on the execution of a write operation. Based on 
the mode selection, the sub-block 210 can updates a subsec 
tion of the parallel outputs (e.g., the data written out of the 
sub-block 210). 
0070. In an embodiment, the data width is programmable 
per sub-block 210. Therefore, data writes may occur in sepa 
rate transactions (e.g., 32 bit registers can be written one at a 
time) or the entire data transfer can be done in one operation. 
0071 Abroadcast mode in the ABSCI protocol can ensure 
or attempt to ensure timing goals of critical SoC commands. 
The ABSCI control and monitoring system can provide the 
flexibility to either assign a special address for the purpose of 
broadcast or to reserve a special mode. When the broadcast or 
special mode is exercised, in one embodiment, some or all 
sub-blocks 210a-N are selected and data is loaded into the 
sub-blocks 210a-N simultaneously or nearly simultaneously. 
Depending on the user goals or requirements, the serially 
transmitted data could be loaded into a separate set of regis 
ters, accessible during the broadcast mode. For large SoC 
designs, global-level changes may be exercised with this 
broadcast mode (e.g., all at once to meet timing goals). Thus, 
the ABSCI control and monitoring system, and specifically 
the external controller and the ABSCI interface device 205, 
can use addressing to communicate with and change the 
behavior of one sub-block 210a-N,a plurality of sub-blocks 
210a-N simultaneously or nearly simultaneously, or all of the 
sub-blocks 210a-N simultaneously or nearly simultaneously. 

ABSCI Word Format 

0072 FIG. 8 illustrates an example packet 800 generated 
by an ABSCI interface device, such as the ABSCI interface 
device 205 of FIG. 2. As illustrated in FIG. 8, the packet 800 
includes two portions: sub-block word header 810 and sub 
block data 820. While the packet 800 includes the sub-block 
word header 810 and the sub-block data 820, this is not meant 
to be limiting. The ABSCI communication word format can 
be defined in many different ways and/or may be selected 
automatically from a set of word format options. The flex 
ibility to define the ABSCI communication word format in 
many different ways can be built into the ABSCI protocol. 
0073. In an embodiment, the sub-block word header 810 
includes at least one of a Read/Write bar (referred to herein 
as "R/W n”), a slave address, a mode register, and a data 
register. The R/W n can be a bit indicating a read operation 
when the bit is high (e.g., logic “1”) and a write operation 
when the bit is low (e.g., logic “0”). The slave address can be 
a bit representing the slave address space. The slave address 
can be matched with the hardwired slave address (e.g., a 
preset address of a Sub-block) prior to performing any opera 
tion. The mode register can include one or more bits used to 
indicate or select from different modes. For example, modes 
could include Software reset, exit reset, common mode, 
broadcast mode, acknowledge, and so on. The data register 
includes one or more bits used to select from different data 
registers to be written into and/or read from. For example, the 
parallel outputs and read inputs can be segregated into sets of 
32 bits each. 
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0074. In some embodiments, the sub-block data 820 is 
payload data of variable length. The sub-block data 820 width 
could be programmed Such that one or more Sub-blocks 
210a-N each receive a payload of a different width. In an 
embodiment, most sub-blocks 210a-N have sub-block data 
820 widths in multiples of 32 bits. However, in special cases, 
Such as when an off-chip microprocessor is interfaced with an 
on-chip memory, the sub-block data 820 width could be in 
kilobytes. The sub-block data 820 width can enable the trans 
fer of multiple data pages into memory in a single transfer. 

ABSCI Read Path 

(0075 FIG. 9 illustrates an example ABSCI read path900 
for one or more of the Sub-blocks 210a-N of FIG. 2. The 
ABSCI read path 900 may be common to some or all of the 
sub-blocks 210a-N. In an embodiment, a bus junction 920 is 
coupled to one or more sub-blocks 210a-N. For example, 
sub-block 210a and sub-block 210b can be coupled to the bus 
junction 920 as illustrated in FIG.9. 
0076. In an embodiment, sub-block 210a transmits 
aReadEnable 914a and alDataOut 916a to the bus junction 
920. Likewise, sub-block 210b transmits aReadEnable 914b 
and alDataOut 916b to the bus junction 920. The bus junction 
920 can function as an arbitration circuit, which is described 
in greater detail below with respect to FIG. 10, and can 
provide aReadEnable 914c and alDataOut 916c to an external 
controller or master device via an ABSCI interface device. 

0077. For example, an external controller or master device 
can request data from one sub-block 210a or 210b at any 
given time, and the request may be made through a write 
operation to that particular sub-block 210a or 210b. The 
requested sub-block 210a or 210b can transmit data to the bus 
junction 920, which then can forward the data to the external 
controller or master device. The requested sub-block 210a or 
210b can keep aReadEnable high such that the bus junction 
920 forwards the correct data to the external controller or 
master device. 

0078 FIG. 10 illustrates a schematic diagram of a bus 
junction, such as the bus junction 920 of FIG.9. As illustrated 
in FIG. 12, the bus junction 920 can include logic gates 1002, 
1004, 1006, 1008, 1010, 1012, and 1014. For example, logic 
gates 1002 and 1004 could be inverters (e.g., NOT gates), 
logic gates 1006 and 1008 could be AND gates, logic gate 
1010 could be an XOR gate, and logic gates 1012 and 1014 
could be buffers. 

0079. In an embodiment, aReadEnable 914a, from the 
sub-block 210a, is received by the inverter 1004 and the AND 
gate 1006. areadEnable 914b, from the sub-block 210b, can 
be received by the inverter 1002 and the AND gate 1008. In 
some embodiments, the inverter 1004 negates aReadEnable 
914a and provides the negated version of alreadEnable 914a 
to AND gate 1008. The inverter 1002 can negateaReadEnable 
914b and provide the negated version of aReadEnable 914b to 
AND gate 1006. Thus, AND gate 1006 can generate a low 
output (e.g., logic “0”) when alreadEnable 914b is high (e.g., 
sub-block 210b is trying to transmit data) or when aReadEn 
able 914a is low (e.g., sub-block 210a is not trying to transmit 
data). AND gate 1006 can generate a high output (e.g., logic 
“1”) when alReadEnable 914b is low and alReadEnable 914a 
is high. Likewise, AND gate 1008 can generate a low output 
when aReadEnable 914a is high (e.g., sub-block 210a is 
trying to transmit data) or when aReadEnable 914b is low 
(e.g., sub-block 210b is not trying to transmit data). AND gate 
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1008 can generate a high output when aReadEnable 914a is 
low and aReadEnable 914b is high. 
0080. The output of AND gate 1006 can be passed to the 
buffer 1012 as an enable/disable control and to the XOR 
1010. The output of AND gate 1008 can be passed to the 
buffer 1014 as an enable/disable control and to the XOR 
1010. The buffer 1012 can receive a DataOut 916.a from the 
sub-block 210a, and the buffer 1014 can receive alataOut 
916b from the sub-block 210b. Thus, when AND gate 1006 is 
high (e.g., when Sub-block 210a is trying to transmit data and 
sub-block 210b is not trying to transmit data), buffer 1012 can 
be enabled and alDataOut 916a can pass to the ABSCI inter 
face device as alataOut 916c. Likewise, when AND gate 
1008 is high (e.g., when sub-block 210b is trying to transmit 
data and sub-block 210a is not trying to transmit data), buffer 
1014 can be enabled and alDataOut 916b can pass to the 
ABSCI interface device as adataOut 916c. In an embodi 
ment, as long as AND gate 1006 or AND gate 1008 is high, 
thenaReadEnable 914c is set high. On the other hand, if AND 
gate 1006 and AND gate 1008 are both low or are both high, 
then aReadEnable 914c can be set low. 
I0081. The ABSCI read path 900 architecture described 
herein can support different read and write data widths for 
each sub-block. Depending on the criticality of block opera 
tion in certain embodiments, some or all of the write path 
outputs may be looped back onto the read path, hence helping 
with debug and calibration operations. 
I0082) Example digital circuits shown in FIGS. 9 and 10 
include components such as AND gates, NOT gates, and the 
like. These components may be replaced with logically 
equivalent components in other embodiments while retaining 
the same or similar functionality, Such as various AND gates, 
OR gates, NOT gates, NAND gates, NOR gates, XOR gates, 
XNOR gates, flip-flops, latches, combinations of the same, or 
the like. 

Example PLL Start-Up Procedures 
0083 FIGS. 11-13 illustrate example automated start-up 
procedures for a PLL. In an embodiment, a PLL can be 
digitally controlled to have different startup modes. For 
example, the SPI or I2C protocol can be used in an automatic 
procedure to control the startup of different blocks of the PLL. 
As an example, the SPI or I2C protocol can be used to control 
the startup of different blocks of the PLL via the refreshing of 
SPI or I2C bits. 
0084 FIG. 11 illustrates an example automated start-up 
procedure 1100 to reduce the likelihood of dual oscillations in 
an IFPLL, such as PLL 102 of FIG.1. The automated start-up 
procedure 1100 can be turned on or off using the SPI or I2C 
protocol. The various states 1101-1108 depict the state of 
operation of the IFPLL during various times t. In an embodi 
ment, Trefdefines a reference time period. As an example, the 
reference time period Tref can be approximately 37 ns (e.g., 
between 34 ns-40 ns). When PLL is ON, such as in state 1106, 
this may signify that divider blocks, a phase frequency detec 
tor (PFD), and/or a charge pump (CP) are in an ON state. In 
Some embodiments, a master reset control is available (e.g., 
via software or a physical switch or button) that resets time t 
(e.g., resets a counter to set time at 0). 
0085 FIG. 12 illustrates an example automated start-up 
procedure 1200 to incorporate delay in reference signals in an 
IFPLL. The automated start-up procedure 1200 can be turned 
on or off using the SPI or I2C protocol. The various states 
1201-1203 depict the state of operation of the IF PLL during 
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various times t. As described above with respect to FIG. 11, 
Tref may define a reference time period. As an example, the 
reference time period Tref can be approximately 37 ns (e.g., 
between 34 ns-40 ns). In some embodiments, a master reset 
control is available (e.g., via Software or a physical Switch or 
button) that resets time t (e.g., resets a counterto set time at 0). 
I0086 FIG. 13 illustrates an example automated start-up 
procedure 1300 for a fast locking mode in an IF PLL. The 
automated start-up procedure 1300 can be turned on or off 
using the SPI or I2C protocol. The various states 1301-1304 
depict the state of operation of the IF PLL during various 
times t. As described above with respect to FIGS. 11 and 12. 
Tref may define a reference time period. As an example, the 
reference time period Tref can be approximately 37 ns (e.g., 
between 34 ns-40 ns). In an embodiment, a programmable 
counter can be used to control the value of n illustrated with 
respect to state 1304. WBW mode illustrated in states 1303 
and 1304 may refer to a mode in which there is a wide loop 
bandwidth. NBW mode illustrated in state 1304 may refer to 
a mode in which there is a narrow loop bandwidth. In some 
embodiments, a master reset control is available (e.g., via 
Software or a physical Switch or button) that resets time t (e.g., 
resets a counter to set time at 0). 
I0087 FIG. 14 illustrates a block diagram of an example 
switch controller 1400. In an embodiment, on/off signals of 
Switches used in conjunction with the Voltage Supply and 
biasing circuits, such as the bias-T circuit 508, can be con 
trolled by the switch controller 1400. For example, the switch 
controller 1400 can control the Voltage supply and/or biasing 
circuits of an IF PLL. The switch controller 1400 can include 
digital logic, such as logic components 1402, a counter 1404. 
and a mux 1406. 

I0088. The logic components 1402 can receive on/off con 
trols 1430 formatted according to the SPI or I2C protocol. For 
example, the on/off controls 1430 can be received from a 
master device and determine whether a Switch used in con 
junction with the Voltage Supply or a biasing circuit should be 
turned on or off. The logic components 1402 can use the 
on/off controls 1430 and/or an initialization bit 1422 to gen 
erate an output 1432. 
I0089. In some embodiments, during an automated start-up 
procedure. Such as automated start-up procedures 1100, 
1200, and/or 1300, the initialization bit 1422 is transferred 
from the counter 1404 to the logic components 1402. As an 
example, the initialization bit 1422 can bypass and/or modify 
some of the bits associated with the SPI or I2C protocol after 
initialization. In an embodiment, the Switch controller 1400, 
Such as the logic components 1402, can include an assigned 
bit that, when enabled, keeps a PLL on so that timing con 
straints can be met. 

0090. The counter 1402 can receive mode controls 1426 
formatted according to the SPI or I2C protocol. The mode 
controls 1426 can be received from a master device. The 
counter 1404 can use the mode controls 1426, a reference 
frequency 1420 (e.g., 27 MHz), and/or data provided by the 
logic components 1402 to generate an output 1434. In an 
embodiment, the mux 1406 selects between the output 1432 
and the output 1434 and provides controls 1436 to one or 
more Switches. 

0091. In some embodiments, not shown, the controls 1436 
generated by the switch controller 1400 can be overridden. 
For example, the switches can receive one or more override 
bits that override the controls 1436. 
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Flowchart 

0092 FIG. 15 illustrates a flowchart of a method 1500 for 
adjusting a characteristic of a wireless data transceiver. In an 
embodiment, the method 1500 can be performed by any of the 
sub-blocks 210a-N discussed above with respect to FIG. 2. 
Depending on the embodiment, the method 1500 may include 
fewer and/or additional blocks and the blocks may be per 
formed in an order different than illustrated. 
0093. In block 1502, first data formatted according to a 

first protocol is transmitted by a first slave device to a master 
controller. In an embodiment, the first data is transmitted to 
the master controller via an interface device that converts the 
first data from the first protocol format to a second protocol 
format. 

0094. In block 1504, a first instruction is received by the 
first slave device from the master controller via a first data 
bus. In an embodiment, the master controller transmits the 
first instruction to the interface device and the interface device 
forwards the first instruction via the first data bus. 

0095. In block 1506, a characteristic of the first slave 
device is adjusted by the first slave device based on the first 
instruction. In an embodiment, the first instruction is gener 
ated based on the first data. In a further embodiment, the 
packet has a destination address of a first slave address cor 
responding to the first slave device. 
0096. In block 1508, a second instruction is generated 
based on the first instruction by the first slave device. In block 
1510, the second instruction is transmitted by the first slave 
device to a second slave device that adjusts a characteristic of 
the second slave device based on the second instruction. 

Example Use Case 
0097 FIG. 16 illustrates an example docking system 
1600. As illustrated in FIG. 16, the docking system 1600 can 
include an electronic device 1610 (e.g., a mobile phone, a 
tablet, a laptop, etc.) and a docking station 1620 (e.g., a 
television, a desktop computer, a tablet, a device that connects 
to another peripheral device like a television or a desktop 
computer, etc.). In an embodiment, the electronic device 1610 
and the docking station 1620 each include a MMW trans 
ceiver, such as the MMW transceiver 100 described above. 
The MMW transceiver included in the electronic device 1610 
and the docking station 1620 may include the features 
described herein. The electronic device 1610 and the docking 
station 1620 can communicate via wireless data transmis 
sions using the MMW transceiver. For example, the elec 
tronic device 1610 can transmit data (e.g., RAW image files, 
Video files, control signals, etc.) to the docking station 1620 
using the MMW transceiver. Likewise, the docking station 
1620 can transmit data (e.g., RAW image files, video files, 
control signals, etc.) to the electronic device 1610 using the 
MMW transceiver. 

0098. In some embodiments, the MMW transceiver is 
internal to the electronic device 1610 and/or the docking 
station 1620. For example, the MMW transceiver could be 
included with other radios (e.g., GSM, CDMA, Bluetooth, 
etc.) in the electronic device 1610 or docking station 1620. In 
other embodiments, not shown, the MMW transceiver can be 
connected to the electronic device 1610 and/or the docking 
station 1620 via an external connection. For example, the 
MMW transceiver could be included in a device that connects 
to the electronic device 1610 and/or the docking station 1620 
via a wired connection (e.g., via USB, Ethernet, IEEE 1394, 
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etc.). Data can then be routed between the electronic device 
1610 or the docking station 1620 and the MMW transceiver 
via the wired connection. 

Terminology 
0099. Although certain types of circuit components are 
shown and described herein, equivalent or similar circuit 
components may be used in their place in other embodiments. 
For instance, example field effect transistors (FETs) shown 
may be replaced with bipolar junction transistors (BJTs) in 
some embodiments. Further, NMOSFETs may be replaced 
with PMOS FETs and vice versa, or NPN BJTs may be 
replaced with PNP BJTs, and vice versa. Further, many types 
of FETs can be used interchangeably in the embodiments 
described herein with slight or no design differences, some 
examples of which include a CNFET, a DEPFET, a DNAFET, 
a FREDFET, a HEMT, an IGBT, an ISFET, a JFET, a MES 
FET, a MOSFET, a MODFET, a NOMFET, an OFET, and the 
like. Other circuit components shown, including passive 
components, may likewise be replaced with other electrical 
equivalents or similar circuits. Furthermore, the values of 
passive circuit elements, Voltages, currents, and power 
(among other circuit parameters) may be chosen to satisfy any 
design criterion relevant to the electronic device in which the 
circuits are implemented. 
0100 Although the inventions disclosed herein have been 
described in the context of certain embodiments and 
examples, it should be understood that the inventions dis 
closed herein extend beyond the specifically disclosed 
embodiments to other alternative embodiments and/or uses of 
the inventions and certain modifications and equivalents 
thereof. Further, the disclosure herein of any particular fea 
ture, aspect, method, property, characteristic, quality, 
attribute, element, or the like in connection with an embodi 
ment may be used in all other embodiments set forth herein. 
Thus, it is intended that the scope of the inventions disclosed 
herein should not be limited by the particular disclosed 
embodiments described above. As will be recognized, certain 
embodiments of the inventions described herein can be 
embodied within a form that does not provide all of the 
features and benefits set forth herein, as some features can be 
used or practiced separately from others. 
0101 Many other variations than those described herein 
will be apparent from this disclosure. For example, depending 
on the embodiment, certain acts, events, or functions of any of 
the methods described herein can be performed in a different 
sequence, can be added, merged, or left out altogether (e.g., 
not all described acts or events are necessary for the practice 
of the methods). 
0102 Conditional language used herein, Such as, among 
others, “can.” “might,” “may.” “e.g. for example.” for 
instance and the like, unless specifically stated otherwise, or 
otherwise understood within the context as used, is generally 
intended to convey that certain embodiments include, while 
other embodiments do not include, certain features, elements 
and/or states. Thus, such conditional language is not gener 
ally intended to imply that features, elements and/or states are 
in any way required for one or more embodiments or that one 
or more embodiments necessarily include logic for deciding, 
with or without author input or prompting, whether these 
features, elements and/or states are included or are to be 
performed in any particular embodiment. The terms “com 
prising.” “including.” “having.” and the like are synonymous 
and are used inclusively, in an open-ended fashion, and do not 
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exclude additional elements, features, acts, operations, and so 
forth. Also, the term 'or' is used in its inclusive sense (and not 
in its exclusive sense) so that when used, for example, to 
connect a list of elements, the term 'or' means one, Some, or 
all of the elements in the list. Further, the term "each, as used 
herein, in addition to having its ordinary meaning, can mean 
any subset of a set of elements to which the term “each' is 
applied. 
0103) While the above detailed description has shown, 
described, and pointed out novel features as applied to various 
embodiments, it will be understood that various omissions, 
Substitutions, and changes in the form and details of the 
devices or algorithms illustrated can be made without depart 
ing from the spirit of the disclosure. As will be recognized, 
certain embodiments of the inventions described herein can 
be embodied within a form that does not provide all of the 
features and benefits set forth herein, as some features can be 
used or practiced separately from others. 
What is claimed is: 
1. A wireless data transceiver, comprising: 
a data bus; 
a first layer comprising a first slave device, the first slave 

device coupled to the data bus such that the first slave 
device detects transmissions on the data bus; 

a second layer comprising a second slave device, the sec 
ond slave device coupled to the data bus; 

an interface device coupled to the data bus, the interface 
device configured to convert first data packets formatted 
according to a first protocol to a second protocol and to 
convert second data packets formatted according to the 
first protocol to the second protocol; 

a first master controller coupled to the interface device, the 
first master controller configured to receive first data 
packets formatted according to the second protocol and 
to output third data packets having a first slave address 
corresponding to the first slave device; and 

a second master controller coupled to the interface device, 
the second master controller configured to receive sec 
ond data packets formatted according to the second pro 
tocol and to output fourth data packets having a second 
slave address corresponding to the second slave device. 

2. The wireless data transceiver of claim 1, wherein the first 
layer further comprises a third slave device, and wherein the 
first slave device is configured to output fifth data packets 
having a third slave address corresponding to the third slave 
device for reception by the third slave device. 

3. The wireless data transceiver of claim 1, wherein the first 
slave device is configured to adjust a performance character 
istic of the first slave device based on instructions included in 
the third data packets having the first slave address. 

4. The wireless data transceiver of claim3, wherein the first 
slave device is configured to transmit the first data formatted 
according to the first protocol to the interface device, and 
wherein the instructions included in the data packets having 
the first slave address are based on the first data. 

5. The wireless data transceiver of claim 1, wherein the first 
slave device comprises: 

a slave controller configured to execute instructions 
included in the third data packets having the first slave 
address; 

an analog device coupled to the slave controller, wherein a 
characteristic of the analog device is controlled based on 
the instructions executed by the slave controller; 
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a sensor coupled to the slave controller, wherein the sensor 
is configured to monitor the characteristic of the analog 
device and transmit measurements corresponding to the 
characteristic to the slave controller; and 

a bias circuit coupled between the analog device and the 
sensor, wherein the bias circuit is configured to reduce 
an amount of noise injected into the analog device by the 
SSO. 

6. The wireless data transceiver of claim 5, wherein the bias 
circuit comprises a first transistor, and wherein a gate of the 
first transistor is coupled to the analog device. 

7. The wireless data transceiver of claim 6, wherein the bias 
circuit further comprises a second transistor and a third tran 
sistor, wherein a gate of the second transistor is coupled to a 
gate of the third transistor and a drain of the first transistor, 
and wherein a source of the second transistor and a source of 
the third transistor are coupled to a Supply Voltage. 

8. The wireless data transceiver of claim 7, wherein the bias 
circuit further comprises a fourth transistor and a low pass 
filter, wherein a drain of the third transistor and a drain and a 
gate of the fourth transistor are coupled to the low pass filter, 
and wherein an output of the low pass filter is coupled to the 
SSO. 

9. The wireless data transceiver of claim8, wherein a signal 
at the output of the low pass filter is a representation of a 
signal at the gate of the first transistor. 

10. The wireless data transceiver of claim 1, wherein the 
first chip is an application layer chip, and wherein the second 
chip is a radio frequency (RF) analog front-end chip. 

11. A method for adjusting a characteristic of a wireless 
data transceiver, the method comprising: 

transmitting, by a first slave device, first data formatted 
according to a first protocol to a master controller; 

receiving, by the first slave device from the master control 
ler, a first instruction in a packet from a data bus, wherein 
the first instruction is generated based on the first data, 
and wherein the packet has a destination address of a first 
slave address corresponding to the first slave device; 

adjusting, by the first slave device, a characteristic of the 
first slave device based on the first instruction; 

generating, by the first slave device, a second instruction 
based on the first instruction; and 

transmitting, by the first slave device, the second instruc 
tion to a second slave device that adjusts a characteristic 
of the second slave device based on the second instruc 
tion. 

12. The method of claim 11, further comprising: 
receiving, by the first slave device from the master control 

ler, a second packet from the data bus, wherein the 
second packet has a destination address of a second slave 
address corresponding to a third slave device; and 

discarding the second packet. 
13. The method of claim 11, further comprising: 
receiving, by the first slave device from the master control 

ler, a second packet from the data bus, wherein the 
second packet has a destination address of a broadcast 
address; and 

adjusting the characteristic of the first slave device based 
on instructions included in the second packet. 

14. The method of claim 11, whereintransmitting first data 
formatted according to a first protocol to a master controller 
comprises: 

obtaining a measurement of an analog device comprised 
within the first slave device using a bias circuit and a 



US 2014/O 122756 A1 

sensor, wherein the bias circuit is coupled between the 
analog device and the sensor, and wherein the bias cir 
cuit is configured to reduce an amount of noise injected 
into the analog device by the sensor, and 

generating the first data, wherein the first data comprises 
the measurement. 

15. The method of claim 14, wherein the bias circuit com 
prises a first transistor, and wherein a gate of the first transis 
tor is coupled to the analog device. 

16. The method of claim 15, wherein the bias circuit further 
comprises a second transistor and a third transistor, wherein a 
gate of the second transistor is coupled to a gate of the third 
transistor and a drain of the first transistor, and wherein a 
source of the second transistor and a source of the third 
transistor are coupled to a Supply Voltage. 

17. The method of claim 16, wherein the bias circuit further 
comprises a fourth transistor and a low pass filter, wherein a 
drain of the third transistor and a drain and a gate of the fourth 
transistor are coupled to the low pass filter, and wherein an 
output of the low pass filter is coupled to the sensor. 

18. The method of claim 17, wherein a signal at the output 
of the low pass filter is a representation of a signal at the gate 
of the first transistor. 

19. The method of claim 11, wherein the first slave device 
is comprised within at least one of an application layer chip, 
a baseband chip, or a radio frequency (RF) analog front-end 
chip. 

20. A wireless data transceiver, comprising: 
a data bus; 
a first slave device coupled to the data bus, the first slave 

device configured to read a first data packet comprising 
a first slave address and to transmit a second data packet; 

an interface device coupled to the data bus, wherein the 
interface device is configured to convert the first data 
packet formatted according to the second protocol to the 
first protocol; 

a master controller configured to transmit the first data 
packet to the interface device based on the second data 
packet received from the first slave device, wherein the 
first data packet comprises a first instruction, wherein 
the first data packet comprises a destination address of 
the first slave address, and wherein the interface device 
is further configured to transmit the first data packet over 
the data bus; and 
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a second slave device configured to receive a third data 
packet from the first slave device, wherein the third data 
packet comprises a second instruction, wherein the first 
slave device is configured to execute the first instruction, 
and wherein the second instruction is based on the first 
instruction. 

21. The wireless data transceiver of claim 20, wherein the 
first slave device is configured to adjust a performance char 
acteristic of the first slave device based on the first instruction. 

22. The wireless data transceiver of claim 20, wherein the 
first slave device comprises: 

a slave controller configured to execute the first instruction 
included in the first data packet having the first slave 
address; 

an analog device coupled to the slave controller, wherein a 
characteristic of the analog device is controlled based on 
the first instruction executed by the slave controller; 

a sensor coupled to the slave controller, wherein the sensor 
is configured to monitor the characteristic of the analog 
device and transmit measurements corresponding to the 
characteristic to the slave controller; and 

a bias circuit coupled between the analog device and the 
sensor, wherein the bias circuit is configured to reduce 
an amount of noise injected into the analog device by the 
SSO. 

23. The wireless data transceiver of claim 22, wherein the 
bias circuit comprises a first transistor, and wherein a gate of 
the first transistor is coupled to the analog device. 

24. The wireless data transceiver of claim 23, wherein the 
bias circuit comprises a second transistor and a third transis 
tor, wherein a gate of the second transistoris coupled to a gate 
of the third transistor and a drain of the first transistor, and 
wherein a source of the second transistor and a source of the 
third transistor are coupled to a Supply Voltage. 

25. The wireless data transceiver of claim 24, wherein the 
bias circuit comprises a fourth transistor and a low pass filter, 
wherein a drain of the third transistor and a drain and a gate of 
the fourth transistor are coupled to the low pass filter, and 
wherein an output of the low pass filter is coupled to the 
SSO. 

26. The wireless data transceiver of claim 25, wherein a 
signal at the output of the low pass filter is a representation of 
a signal at the gate of the first transistor. 
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