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EXCHANGING DATA AND CLOCK LINES ON 

MULTIPLE FORMAT DATA BUSES 

5 The present invention relates to bus-controlled signal 

processing systems. Signal processing systems may be 

implemented using a variety of integrated circuits controlled by 

one or more control microcomputers (µC). Communications 

between the various functions typically. involves a· data bus such 

I 0 as a serial data bus. To incorporate all desired functions in a bus­

controlled signal processing system, it may be necessary to utilize 

signal processing integrated circuits (IC) from various 

manufacturers. However, manufacturers support sev~ral 

different communications protocols. For example,. Philips and ITT 

1 5 support bus standards designated the Inter IC (IIC or 12Q), and 

Intermetall (IM) standards, respectively. 

Use of multiple communications protocols on a single 

data bus introduces the possibility that an integrated circuit (IC) 

dedicated to one protocol will misinterpret signals formatted 

2 0 under a different protocol. Bus standards specify signal patterns 

that indicate message start and end conditions, device address, 

and message data for devices coupled to the bus. For example, a 

particular transition occurring on one signal during a particular 

state on another signal indicates "start of message" for the IIC bus 

2 5 standard. Signal waveforms that are generated to conform to IM 

bus standard may inadvertently create the "start message" 

condition for the IIC bus. If both IM and IIC devices are 

connected to a bus, an IIC device may be activated unintentionally 

during an IM format message. As a result, two devices attempt to 

3 0 communicate simultaneously on the bus. Corruption of any 

transmission that is in progress and incorrect system operation 

· may result. 
The occurrence of the described bus conflicts will 

depend on data values and timing. Thus, the conflicts and any 

3 5 subsequent system malfunctions will be intermittent. Testing o~ 

the system may identify data patterns ~hat should be avoided to 

prevent bus conflicts. However, exhaustive and lengthy testing of 

all possible data patterns may be required to ensure reliable 
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system performance. In addition, it would be necessary to repeat 

the testing when a device type is changed or a new device is 

added to the bus. 
The present invention resides, in part, ~n recogmt1on of 

5 the described problem and, in part, in apparatus for solving the 

problem·. An aspect of the· invention involves a data bus having 

first and second bus lines for coupling first and second data 

processing devices to a control device. The first data processing 

device has clock and data terminals th~t are coupled to the first 

I 0 and . second bus lines, respectively. The second data processing 

device has clock and data terminals that are coupled to the second 

and first bus lines, respectively. The control device generates· 

clock and data signals on the first and second bus lines, 

respectively, during a first mode of. operation to control the 

I 5 operation of the first . data processing device without affecting the 

operation of the second data processing device. The control device 

generates clock and data. signals on the second and first bus lines, 

respectively, during a second mode of operation to control the 

operation of the second data processing device without affecting 

2 0 the operation of the first data processing device. 

The invention may be better understood by referring 

to the drawing in which: 

Figure 1 shows a block diagram of a portion of a bus­

con trolled signal processing system including an aspect of the 

2 5 invention; 

Figure 1 A shows a block diagram of a portion of a bus­

con trolled signal processing system exhibiting a bus conflict 

problem that is addressed by the invention; and 

Figures 2, 3, 4A, and 4B show signal waveforms useful 

3 0 for understanding the operation of the system shown in Figure 1. 

In more detail, Figure . 1 shows a porticm of a bus-

. controlled signal processing system including control 

microcomputer (µC) -100 and devices 150 aQd 160. A serial data 

bus comprising signals SERBUS l, SERBUS2, and SERBUS3 couples 

3 5 µC 100 to devices 150 and 160. Control µC 100 may be a 

microprocessor such as the MC68HC05 from Motorola. Devices 

150 ·and 160 represent one or more types of signal or data 

processing devices that may be digital or . analog integrated, 
---- --------------
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circuits (IC's). The operation of these devices is controlled via the 
serial data bus using the Inter IC (IIC) bus protocol for device 150 
and the Intermetall (IM) bus protocol for device 160. For 
example, in a video ·signal processor such as the CTC-169 color 

5 television chassis. from Thomson Consumer electronics, device 150 
represents IC's such as Microchip 24C02 (EEPROM), Motorola 
MC44802 (tuning processor), and Philips 84~4 (digital-to-analog 
converter (DAC)). In the same video signal processor example, 
device 160 represents IC's such as the Thomson lA68109 ( 

1 0 Proscan processor), Thomson 1A68106 (stereo processor), and 
Thomson 1A68105 (picture-in-picture (~IP) processor). 

Figure 2 illustrates the bus signal format for both the 
IIC and IM bus prolocols. As shown in Figure 2A,. communications 
in IIC format requires signal SCL, a clock signal, and signal SDA, a 

1 5 data signal. When an IIC bus is inactive, signals SCL and SDA 
should be at logic 1. A "message start" condition occurs when 
signal SDA goes to logic. 0 during the time that signal SCL is at logic 
1. The start condition is followed by a "start bit", an 8-bit device 
address, and an acknowledge bit that is used to acknowledge 

2 0 receipt of the address. The address acknowledge bit is followed 
by 8 bits (one byte) o~ data and data acknowledge bit. The 
address and data ·in IIC format is transmitted most significant bit 
(MSB) first. Additional bytes of data with corresponding data 
acknowledge bits may follow before a "message stop" or "end of 

2 5 transmission" (EOT) con~ition terminates the message. The EOT 
condition occurs when a logic 0 to logic 1 transition occurs on 
signal SDA when signal SCL is at logic 1. 

The IM bus protocol shown in Figure 2B requires three 
~ignals designated ID ENT, an enable signal, CLOCK, and DAT A. 

3 0 For the IM bus protocol, a "message start" is indicated by a 
transition on signal !DENT to logic 0 followed by a transition on 

. signal CLOCK to a logic 0. "Message start" is followed by an 8-bit 
address ·and 8 bits of data. · The address and data in IM format is 
transmitted least significant bit (LSB) first. Signal IDENT changes 

3 5 to logic 1 after all address bits are tr.ansmitted to _cause each IM 
device that is attached to the bus to cQmpare the transmitted 
address to the device address. No acknowledge bits are included . 

. 
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"· Additional ·bytes of data may follow the initial byte. "Message 

st~p" or EQT is indicated by a pulse on signal. IDENT. 
In the system shown in Figure 1, signals. !DENT, CLOCK, 

and DATA of IM bus protocol IC's such as device 160 in Figure 1 
5 are coupled to signals SERBUS3, SERBUS!, and SERBUS2, 

respectively, from µC 100 in Figure 1. This arrangement appears 
to define signals SERBUS! ~nd SERBUS2 as clock and data signals, 
respectively. It would appear, therefore, that signals SCL and SDA 
(clock and data, respectively) of IIC protocol devices such as 

1 0 device 150 should be ·connected to serial bus signals SERBUSl and 
SERBUS2, respectively, as shown in Figure lA. However, in 
ac9ordance wit~ a feature of the present invention, signals SCL 
and SDA are coupled to signals SERBUS2 and SERBUS 1, 
respectively, as shown in Figure 1. This surprising arrangement 

1 5 advantageously prevents bus conflict problems as described 
below. 

In the exemplary embodiment shown in Figure 1, 
control µC 100 generates both JIC and IM format messages for 
purposes of communicating with both IIC devices, e.g. device 150, 

2 0 and IM devices, e.g. device 160. Control µC 100 accomplishes this 
through the use of two modes of operation that are designated 
"shift-register" mode and "bit-bang" mode. Shift-register mode is 
used to produce IM format signals while bit-bang mode produces 
UC format sign.als. 

2 5 In shift-register mode, IM format serial data (IM 
signal DATA on bus line SERBUS2) is generated using 8-bit shift 
register 112 in Figure l. Shift register 112 is part of dedicated 
serial communications interface (SCI) 110 that is in µC 100. As 
can be seen from Figure 2B, the IM format data signal has uniform 

3 0 8-bit groupings of data values. Thus, an 8-bit shift register 
provides an efficient approach to generating the 8-bit serial data 

. signal for IM format. For example, when a transmission· from µC 
100 to a device such as device 160 is to occur, µC 100 loads the 8·­
bit address byte into 8-bit shift register 112 and shifts each bit 

3 5 out onto bus line SERBUS2 via signal SDAT to produce the 8-bit 
address portion of an IM format message. Transmiss.ion of the 
address is followed by loading an 8-bit data byte into shift 
register 112 and shifting the 8-bits of data onto bus line· SERBUS2. 

·-----------------
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' Figure 2A illustrates that the IIC bus protocol requires 

a data signal (signal SDA) having an irregular waveform in 
comparison to the IM protocol waveform. More specifically, a 
start bit, 8-bits of address or data, and acknowledge bits are 
required. The· 8..,bit size limitation of shift register 112 prevents 
efficient generation of the irregular sequences required by the IIC 
data signal. As a result, the 9-bit sequences are generated i:n µC 
100 via software routines that are executed during "bit-bang" 
mode. Bit-bang operations involve using the internal registers 
and . data manipulation funct,io~s of µC 100 to produce the 
required serial bit patterns on signal BDAT one bit at a time. For 
example, signal BDAT may be· coupled to one bit of an internal 
register. Instructions that load, shift, and· perform logical 
operations on the content of the internal register may be used to 
change the value of signal BDAT to provide the desired .serial data 
sequence. 

It should be noted that bit-bang mode could be used 
to generate serial data signals suitable for both IM and IIC 
formats. However, shift register 112 can produce a serial data 

2 0 signal at a significantly higher data rate than can bit-bang 
operation because of the software execution delays involved in 
bit-bang processing. It is desirable, therefore, to use shift-register 
mode when possible. 

In Figure 1, tristate MUX's 120 and 130 are included 
2 5 in µC 100 for switching_ between shift-register and bit-bang modes 

of operation. The MUX switching is controlled by µC 100 via a 
control signal (not shown in Figure 1) that is coupled to MUX 120 
and MUX 130. The control signal causes Ml!X 120 and MUX 130 to 
couple signals SCLK and ·SDAT from SCI 110 to serial bus lines 

3 0 SERBUSl and SERBUS2, respectively, via the "A" inputs of MUX's 
120 and 130 during serial shift mode. As a result, IM bus signals 

·CLOCK and DATA corresponding to signals SCLK and SDAT, 
respectively, are produced on serial bus lines SERBUS 1 and 
SERBUS2, respectively. During bit-bang mode~ ·signals BDAT and 

3 5 BCLK are generated in µC 100 and are coupled to. serial bus lines 
SERBUSl and SERBUS2, respectively~ v~a the the "B" inputs of the 
MUX 120 and MUX 130. Thus, IIC bus sign~ls SDA and SCL 
corresponding to signals BOAT and BCLK, respectively, are 
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produced on serial bus lines SERBUSI and SERBUS2, respectively. 
Bus line SERBUS3 is the enable signal IDENT for IM format devices 
only and is not switched when mode changes occur. 

The tristate feature of MUX 120 and MUX 130 permits 
bidirectional oper~tion on bus lines SERBUSl and SERBUS2. 
Control µC 100 ·controls the operation of the tristate feature of 
MUX's 120 and 130 in acc.ordance with whether a particular serfal 
bus operation involves writing data to a device from µC 100 or 
reading data into µC 100 from a device. 

As Figure 1 and Table l show, the action of MUX 120 
and MUX 130 causes the function of bus lines SERBUS 1 and · 
SERBUS2 to reverse when switching from serial-shift mode (IM 

format messages) to bit-bang mode (IIC format messages). 

Table 1 

SERBUS I SERBUS2 
Mode/Format coupled to function coupled to function 

2 o· shift-reg./IM 
bit-bang/UC 

Sill( 
BDAT 

clock 
data 

SDAT 
Ba.K. 

data 
clock 

Typically, the function of a bus· line in a signal -processing system 
does not switch between clock and data functions. The 

2 5 advantageous performance of the described arrangement is better 
understood after considering the following detailed explanation of 

possible causes of the above-described bus conflict problem. 
For the purposes of illustrating bus conflict situations, 

the following discussion will refer to Figure 1 A in which signals 
3 0 SCL of IIC devices and CLOCK of IM devices are connected to serial 

bus line SERBUS!, and signals SDA and DATA are both connected 
to serial bus line SERBUS2. Thus, bus line SERBUS! always 

. provides a clock signal and bus line SERBUS2 always provides a 
data signal. As a result; the arrangement in Figure IA also 

3 5 includes signals SDAT from SCI 110 and bit-bang generated signal 

BDAT both being coupled to MUX 130, and signals SCLK and BCLK 
both being connected to MUX 120. · 

Figure 3 depicts a bus conflict problem that may occur 
in the system shown in Figure 1 A when an IIC format 

4 0 transmission is followed by an IM format transmission. A 
-------- ·-·--·-·- ---·--·-·-· 
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sequence of transmissions comprising an IM transmission, an IIC 
format transmission, and another IM format transmission are 
shown in Figure 3. · During the first IM transmission, signal SDAT 
is coupled to SERBUS2 and has the values shifted out of shift-

5 register 112. During the following IIC transmission, MUX 130 
couples signal BDA T to bus line SERBUS2 while signal SDAT retains 
the last value that was shifted out of shift register 112. In· the 
example of Figure 3, the last value of signal° SDAT is logic 0. At 
the end of the IIC transmission, the val~e of signal ·BDAT is set to 

1 0 logic 1 to produce an EQT condition and put the bus into an 
inactive condition. 

At the start of the subsequent IM transmission, MUX 
130 is switched to couple signal SDAT to bus line SERBUS2. The 
switching of MUX 130 will cause serial bus line SERBUS2 to go 

I 5 from the inactive state of logic 1 to the logic 0 value of signal 
SDAT from the previous IM transmission. Unequal signal delays 
between bus lines SERBUS! and SERBUS2 may cause the timing of 
the transition of bus line SERBUS2 from logic 1 to logic 0 to vary 
with respect to changes on bus line SERBUS 1. This timing 

2 0 variation is illustrated by the shaded area of signal SERBUS2 in 
Figure 3. Unequal delays may be caused by, for example, unequal 
parasitic resistance and ·capacitance effects. These parasitic 
elements are indicated by resistors Rl and R2, and capacitors Cl 
and C2 in Figures 1 and IA. Resistor R3 is a pullup device that 

2 5 may be required for UC. data lines because the bus line drivers in 
IIC devices is typically an open-collector configuration. Typical 
values for RI and R3 are 1 KO and 10 KO, respectively. 

If the transition to logic 0 on bus line SERBUS2 occurs 
while· signal SERBUS 1 is at logic 1, a spurious start condition for 

3 0 IIC devices is created during an IM transmission as indicated in 
Figure 3. Thus, both IIC and IM devices detect a start condition. 

· As stated_ above, the bit significance of the serial data bits in IIC 
transmissions is reversed· from that of IM transmissions (LSB first 
for IM, MSB first for UC). Thus, the address information that is 

3 5 intended for an IM device during the intended lfy[ transmission 
may also represent a valid address for an IIC device even if the 
two ·devices are not assigned the same address. Thus, the 

spurious IIC start condition and the valid IM start condition may 
---··------·-·-··-·---·--· ···--
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simultaneously activate an IIC device and an IM device. An 
active IIC device will respond to a valid address with an 
acknowledge bit that may corrupt the IM data signal. 

By reversing _the function of bus lines in accordance 
5 with features of the present invention as described above and 

shown in Figure 1, MUX switching at the beginning of IM 
transmissions to place signal. SDAT on to bus line SERBUS2. causes 
any resulting transitions of signal SERBUS2 to be coupled to the 
clock input (SCL) _ of UC devices, as in fig;ure 1, rathe_r than the 

1 0 data. input (SDA) as in Figure IA. Thus, the spurious start 
condition illustrated in Figure 3 will not occur. 

It might appear that a similar problem could occur 
because the bus line functions are reversed. For example, 
referring to Figure 3, if the first one or more address bits of the 

1 5 IM device address are logfo 1 i.n the second IM transmission, IM 
data signal DATA on bus line SERBUS2 will remain at logic 1 while 
IM clock signal CLOCK on SERBUS 1 is changing. Thus, UC clock 
signal SCL (on bus line SERBUS2) will remain at logic 1 while IIC 
data signal SDA (on bus line SERBUS!) is changing. This condition 

2 0 creates a sequence of UC start conditions. However, each start 
condition is followed by an IIC stop condition or EOT because the 
IM clock signal on SERBUS! returns to logic 1 immediately 
following each transition to logic 0. As a result, the IIC devices do 
not receive a full 8 bits of address and cannot generate a spurious 

2 5 acknowledge bit that mi_ght corrupt the IM transmission. 
A bus conflict may also occur when IM format 

messages are transmitted repeatedly. Figure 4A shows the end of 
one IM format message (indicated by the "stop" or "end of 
transmission" (EQT) pulse), and the beginning of another IM 

3 0 message. At the end of one message, IM signals CLOCK and DATA 
(bus lines SERBUS! and SERBUS2, respectively, in Figure IA) are 

- forced _to logic 1 which is the inactive state. As shown in Figure 
4A, signal DA TA begins to change to logic 1 after signal CLOCK has 
already changed to logic 1. _ The time delay between the 

3 5 transitions of signals CLOCK and DATA that is shown in Figure 4A 
may be caused by unequal parasitic "lo8:ding of _the serial bus lines 
as d·escribed above. After passing logic switching threshold VT, 
signal DAT A is effectively at logic 1. However, trarisien.t signals, · 

-------~ 
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e.g. noise, may cause a negative-going spike in signal DATA that 
occurs before signal DAT A completes its transition to logic 1 but 
after signal DATA has passed threshold VT. Thus, signal DATA . . . 

would appear to exhibit a pulse to logic 0 while signal CLOCK is at 
5 logic 1. If the pulse is of sufficient duration and the system is 

connected as shown in Figure IA, a spurious IIC start condition is 
created. 

Figure 4B illustrates another potential cause of bus 
conflicts that might occur during a sequence of IM format 

1 0 messages in a system connected as in Figure IA. The system 
shown in Figure 1 might be designed such that -any "forced" state 
on signals CLOCK and DA TA at the end of an IM transmission, e.g 
forced to logic 1, is "released" into a tristate (high impedance) 
condition at the end of the IM transmission to prevent the forced 

1 5 state from interfering with subsequent bus transmissions. 
However, the tristate condition permits leakage currents to cause 
a relatively slow change. in the value of signal DATA as shown in 
Figure 4B. If the high · impedance condition exists for a sufficient 
duration, the change in the value of signal DATA (bus line 

2 0 SERBUS2) may be cross switching threshold VT effectively 
changing the state of signal DAT A to logic 0. If signal CLOCK (bus 
line SERBUSl) is at logic 1 when the change of state occurs, a 
spurious IIC start condition exists in a system that is connected as 
in Figure 1 A. 

2 5 The potentia~ problems ·that are illustrated in Figures 
4A and 4B ·are· eliminated by switching the function of the bus 
lines in accordance with features of the present invention. As 

· explained above in regard to Figure 3, switching the function ·of 
the bus lines as in Figure 1 prevents the described spurious 

3 0 transitions from occurring on signal SDA of IIC devices, thereby 
preventing a spurious IIC start condition from occurring in the 

·described situations. 
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1. Apparatus comprising: 

, . 
• 

· r<ci:. 86,355 5 
a data bus comprising a first bus line (SERBUS I) and a 

5 second bus line (~ERBUS2); 
first (160) and second (150) means coupled to said 

data bus for processing data in response to signals on said . data 
bus; and 

control means (CONTROL µC,110) coupled to said data 
. . 

1 0 bus for providing· signals to control processing of data by said first 
and second means; characterize<;i in that 

said. first means has a clock input (CLOCK) and a data 
input (DATA) coupled to said first and second bus lines, 
respectively, for processing data in response to clock and data 

1 5 signals received at said clock and data inputs; 
said second means has a dock input (SCL) and a data 

input (SDA) coupled to said second and first bus lines, 
respectively, for processing data in response to clock and data 
signals received at said clock and data inputs; and 

2 0 said control means generates a clock signal (IM CLOCK) 
on said first bus line and a data signal (IM DAT A) on said second 
bus line during a first mode of operation to control the operation 
of said first data processing means without affecting the operation 
of said second data processing means, and generates a data signal 

2 5 (UC DAT A) on said first bus line ·and a clock signal (IIC CLOCK) on 
said second bus line during a second mode of operation to control 
the operation of said second data processing means without 
affecting the operation of said first data processing means. 
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2. The apparatus of Claim I, further characterized 
in that said control means (CONTROL µC,110) comprises: 

a microprocessor (CONTROL µC) generating said data 
signal during said first mode of operation, and generating a 

5 control signal indicating whether said apparatus is operating in 
said first or second mode of operation; 

a shift register. (112) generating s·aid data signal 
during said second mode of operation; and 

a multiplexer (120, 130) re~ponsive to · said control. 
l 0 sign_al for coupling said data signal from said microprocessor to 

said second bus line during· said first mode of operation, and for 
coupling said data signal from said shift register to said first bus 
line during said second mode of operation. 

1 5 3. The apparatus of Claim 2, further characterized 
m that said data bus is a serial data bus. 

i 1111111 111111 11111-11111111111 
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