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MULTIPLEXING LATCH CIRCUIT AND subject matter . Specific examples of components and 
METHOD arrangements are described below to simplify the present 

disclosure . These are , of course , merely examples and are 
PRIORITY CLAIM not limiting . For example , the formation of a first feature 

over or on a second feature in the description that follows 
The present application is a continuation of U.S. appli may include embodiments in which the first and second 

cation Ser . No. 14 / 755,999 , filed Jun . 30 , 2015 , which is features are formed in direct contact , and may also include 
incorporated herein by reference in its entirety . embodiments in which additional features may be formed 

between the first and second features , such that the first and 
BACKGROUND 10 second features may not be in direct contact . In addition , the 

present disclosure may repeat reference numerals and / or 
In an integrated circuit , there are many individual devices letters in the various examples . This repetition is for the 

such as one or more of a memory , an analog - to - digital purpose of simplicity and clarity and does not in itself dictate 
converter , a processor , and other similar devices . The indi a relationship between the various embodiments and / or 
vidual devices may be unable to be tested during or after 15 configurations discussed . 
manufacture . At small process nodes ( e.g. , 22 nm ) , the An interface circuit according to one or more embodi 
individual devices sometimes are not tested via wafer probes ments includes a clock generator configured to generate 
because , in some applications , such probes usable at these latching clock signals and a multiplexing latch circuit con 
small process nodes are too fragile . As such , in some figured to select and latch data based on the latching clock 
applications , wafer level testing of the individual devices is 20 signals . The multiplexing latch circuit has fewer transistors 
less favorable and on - chip testing is preferred . To perform than a separate multiplexer and latch . Further , the multi 
on - chip testing , the individual devices of the integrated plexing latch circuit reduces the number of switching delays 
circuit may include a multiplexer and a latch to select a data and increases speed of the interface circuit . The reduced 
source to perform different operations . number of transistors also reduces the space occupied by the 

25 interface circuit in an integrated circuit . 
BRIEF DESCRIPTION OF THE DRAWINGS FIG . 1 is a block diagram of an interface circuit 100 , in 

accordance with some embodiments . Interface circuit 100 
Aspects of the present disclosure are best understood from receives data from data line set A having N data lines and 

the following detailed description when read with the data line set B also having N data lines , N is a positive 
accompanying figures . It is noted that , in accordance with 30 integer greater than two . Data line sets A and B are config 
the standard practice in the industry , various features are not ured to carry different sources of data such as a data bus for 
drawn to scale . In fact , the dimensions of the various a normal mode and a test bus for a test mode . In some 
features may be arbitrarily increased or reduced for clarity of embodi ts , interface circuit 100 includes more than two 
discussion . data line sets . In some embodiments , interface circuit 100 is 

FIG . 1 is a block diagram of an interface circuit , in 35 implemented in a memory circuit for testing the memory 
accordance with some embodiments . circuit . In other embodiments , interface circuit 100 is imple 

FIG . 2 is a circuit diagram of a clock generator for mented into a device in an integrated circuit that is config 
generating latching clock signals in an integrated circuit of ured to receive data from a source for testing that device . 
FIG . 1 , in accordance with some embodiments . Interface circuit 100 includes a clock generator 102 

FIG . 3 is a timing diagram of a clock generator of FIG . 2 40 configured to receive a clock signal on a clock line CLK and 
in an integrated circuit of FIG . 1 , in accordance with some a select signal on a select line SEL . Based on the clock signal 
embodiments . and the select signal , clock generator 102 generates and 

FIG . 4A is a circuit diagram of a multiplexing latch for outputs a latching clock signal S? for data line set A on line 
selecting and latching data using latching clock signals in an CLK_A and a latching clock signal Sg for data line set B on 
integrated circuit of FIG . 1 and FIG . 4B is a timing diagram 45 line CLK_B . If data line A is selected , the latching clock 
of the operation of the multiplexing latch circuit , in accor signal SA carries a clock signal , which alternates between 
dance with some embodiments . two logic values every cycle of the clock signal , and the 

FIG . 5A is a circuit diagram of another multiplexing latch latching clock signal Sg carries a predetermined logic value . 
for selecting and latching data using latching clock signals If data line B is selected , the latching clock signal SB carries 
in an integrated circuit of FIG . 1 and FIG . 5B is a timing 50 a clock signal and the latching clock signal SA carries the 
diagram of the operation of the multiplexing latch circuit , in predetermined logic value . However , because interface cir 
accordance with some embodiments . cuit 100 is configured to select one of the data sets , a single 

FIG . 6 is a circuit diagram of another multiplexing latch latching clock signal carries the clock signal . In some 
for selecting and latching data using latching clock signals embodiments , clock generator 102 is configured to generate 
in an integrated circuit of FIG . 1 , in accordance with some 55 more than two latching clock signals . 
embodiments . Data line set A includes N data lines A [ 1 ] to A [ N ] and data 

FIG . 7 is a flowchart of a method of multiplexing and line set B includes N data lines B [ 1 ] to B [ N ] . Output data 
latching data using latching clock signals , in accordance lines OUT include N output data lines OUT [ ] to OUT [ N ] . 
with some embodiments . Interface circuit 100 includes N multiplexing latches ML [ 1 ] 

FIG . 8 is a functional block diagram of a computer or 60 to ML [ N ] ( collectively referred to as “ multiplexing latches 
processor - based system upon which or by which an embodi ML " ) . A multiplexing latch ML [ n ] , n being an index that 
ment is implemented . ranges from 1 to N , is coupled to a data line A [ n ] of data line 

set A , a data line B [ n ] of data line set B , and an output data 
DETAILED DESCRIPTION line OUT [ n ] . The multiplexing latches ML are also config 

65 ured to receive the latching clock signals SA 
The following disclosure provides different embodiments , Based on the latching clock signals SA and SB , the 

or examples , for implementing features of the provided multiplexing latches ML select to receive data from data line 

and SB : 
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set A or data line set B , store the data from the selected data select signals such that one latching clock signal carries the 
line set , and output the data from the selected data line set clock signal and the remaining latching clock signals carry 
on the output data line OUT . For example , interface circuit the predetermined logic value . 
100 selects the data from data line set A in the multiplexing FIG . 3 is a timing diagram of an embodiment of the clock 
latches ML , stores the data from data line set A , and outputs 5 generator , such as clock generator 200 of FIG . 2 , in an 
the data on the output lines OUT . In some embodiments , integrated circuit , in accordance with some embodiments . 
interface circuit 100 outputs the data into a memory array to For the purpose of clarity , the timing diagrams disclosed 
perform a read or write operation . herein are simplified and do not show any delays that occur 

FIG . 2 is a circuit diagram a clock generator 200 , usable due to switching . If data line set A is selected at time To , the 
as the clock generator 102 of FIG . 1 , for generating the 10 select signal on line SEL is a logic high value . Accordingly , 
latching signals SA SB , in accordance with some embodi the latching clock signal SA on line CLK_A carries a clock 
ments . The clock generator includes a first NAND gate 202 , signal that alternates between an upper half - cycle and a 
a second NAND gate 204 , and inverters 206 and 208. A lower half - cycle and the latching clock signal Sp on line 
clock line CLK is coupled to an input terminal of inverter CLK_B carries the predetermined logic value . When data 
206. The output terminal of inverter 206 is coupled to a first 15 line set B becomes selected at time T1 , the select signal on 
input terminal of NAND gate 202 and a first input terminal line SEL is a logic low value . Accordingly , the latching clock 
of NAND gate 204. A second input terminal of NAND gate signal Sg on line CLK_B carries a clock signal that alter 
202 is coupled to a select line SEL . The select line SEL is nates between an upper half - cycle and a lower half - cycle 
also coupled to an input terminal of inverter 208 and the and the latching clock signal SA on line CLK_A carries the 
output terminal of inverter 208 is coupled to a second input 20 predetermined logic value . 
terminal of NAND gate 204. The output terminal of NAND FIG . 4A is a circuit diagram of a multiplexing latch 400 
gate 202 is coupled to line CLK_A and the output terminal for selecting and latching data using latching clock signals 
of NAND gate 204 is coupled to line CLK_B . SA and SB from the clock generator 200 of FIG . 2 , in 

Clock generator 200 generates and outputs latching clock accordance with some embodiments . The circuit diagram of 
signal S? for selecting data line set A on line CLK_A and 25 FIG . 4A includes labeled lines that are electrically connected 
latching clock signal Sg for selecting data line set B on line with other lines having the identical label for clarity . Mul 
CLK_B . The select signal on select line SEL is a logic high tiplexing latch 400 is usable as one of multiplexing latches 
value ( i.e. , a high potential voltage VDD ) when data line set ML of FIG . 1. Multiplexing latch 400 includes a selecting 
A is selected , and the select signal on select line SEL is a circuit 402 and a selecting circuit 404 , which are configured 
logic low value ( i.e. , a low potential voltage Vss ) when data 30 to select the data to latch based on the latching clock signals 
line set B is selected . SA and Ss . The multiplexing latch 400 further includes an 

In the event that data line set A is selected ( i.e. , the select inverter 414 and tristate inverter 416. The inverter 414 is 
signal on select line SEL is a logic high value ) , inverter 208 cross - coupled with a tristate inverter 416 to form a latch 
receives the logic high value , inverts the logic high value circuit . Inverter 414 is coupled to the output terminals of the 
into a logic low value , and outputs the logic low value into 35 selecting circuits 402 and 404 . 
NAND gate 204 , thereby forcing NAND gate 204 to output Selecting circuit 402 includes a tristate inverter 406 and 
and maintain a latching clock signal SB as a logic high value an inverter 408. Tristate inverter 406 has an input terminal 
on line CLK_B . In addition , the clock signal on line CLK is coupled to a data line A [ n ] of data line set A. The line 
inverted by inverter 206 and is input into NAND gate 202 CLK_A is coupled to a low enable terminal of tristate 
with the select signal on select line SEL ( i.e. , a logic high 40 inverter 406 and an input terminal of inverter 408. An output 
value ) . Using the inverted clock signal and the select signal , terminal of inverter 408 is coupled to a high enable terminal 
NAND gate 202 generates and outputs a latching clock of tristate inverter 406. The output terminal of inverter 408 
signal S? as a clock signal on line CLK_A . is also coupled to tristate inverter 416 via line CLKB_A . The 

In the event that data line set B is selected ( i.e. , the select output terminal of tristate inverter 406 is coupled to the 
signal on select line SEL is a logic low value ) , the select 45 output terminal of selecting circuit 402 . 
signal on line SEL causes NAND gate 202 to output and Selecting circuit 404 is the same as selecting circuit 402 
maintain latching clock signal S? as a logic high value on except tristate inverter 410 has an input terminal coupled to 
line CLK_A . If data line B is selected , the clock signal on a data line B [ n ] of data line set B , the line CLK_B is coupled 
line CLK is inverted by inverter 206 and is input into NAND to a low enable terminal of tristate inverter 410 and an input 
gate 204 with the inverted select signal ( i.e. , a logic high 50 terminal of inverter 412 , and an output terminal of inverter 
value ) . In this manner , NAND gate 204 outputs a latching 412 is coupled to a high enable terminal of tristate inverter 
clock signal SB as a clock signal on line CLK_B . 410. The output terminal of inverter 412 is also coupled to 

If data line set A is selected , the latching clock signal SA tristate inverter 416 via line CLKB_B . The output terminal 
is a clock signal and the latching clock signal Sg is a of tristate inverter 410 is coupled to the output terminal of 
predetermined logic value . If data line set B is selected , the 55 selecting circuit 404 . 
latching clock signal Sg is a clock signal and the latching The input terminal of inverter 414 is coupled to the output 
clock signal SA is the predetermined logic value . The clock terminals of selecting circuits 402 and 404. The output 
signal oscillates between an upper half - cycle ( i.e. , a logic terminal of inverter 414 is coupled to an input terminal of 
high value ) and a lower half - cycle ( i.e. , a logic low value ) . tristate inverter 416 and an output terminal of tristate 
The predetermined logic value corresponds to a logic high 60 inverter 416 is also coupled to an input terminal of inverter 
value . In some embodiments , the predetermined logic value 414. The output terminal of inverter 414 is connected with 
is a voltage associated with a logic low value . In some the output terminal of multiplexing latch 400 . 
embodiments , the clock signal is another type of continuous Tristate inverter 416 comprises a PMOS transistor 418 
wave signal ( e.g. , a sine wave , a sawtooth wave , a triangle having a source terminal coupled to a high potential voltage 
wave , etc. ) . In some embodiments , clock generator 200 is 65 source Vod , a gate terminal coupled to the output terminal 
configured to output more than two latching clock signals of inverter 608 via line CLKB_A , and a drain terminal 
and clock generator 200 is configured to receive additional coupled to a source terminal of a PMOS transistor 420 . 
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PMOS transistor 420 also includes a gate terminal coupled a logic value at an input terminal of the tristate inverter 406 
to the output terminal of inverter 612 via line CLKB_B and to an inverted logic value at the output terminal of tristate 
a drain terminal coupled to a source terminal of a PMOS inverter 406. When the low enable terminal of tristate 
transistor 422. PMOS transistor 422 also includes a gate inverter 406 receives a logic high value and the high enable 
terminal coupled to the output terminal of inverter 414 and 5 terminal of tristate inverter 406 receives a logic low value , 
a drain terminal coupled to the input terminal of inverter tristate inverter 406 is disabled and has a high - impedance 
414 . state at the output terminal of tristate inverter 406 . 

Tristate inverter 416 also comprises an NMOS transistor Thus , when the latching clock signal SA is in the lower 
424 with a drain terminal coupled to the input terminal of half - cycle and inverted latching clock signal SBA is in the 
inverter 414 , a gate terminal coupled to the output terminal 10 upper half - cycle , the low enable terminal of tristate inverter 
of inverter 414 , and a source terminal coupled to a drain 406 receives a logic low value and the high enable terminal 
terminal of an NMOS transistor 426. NMOS transistor 426 receives a logic high value , thereby enabling tristate inverter 
also includes a gate terminal coupled to line CLK_A and a 406 to receive data DÆ , invert data D? into data DBA , and 
source terminal coupled to a drain terminal of an NMOS output data DBA . On the other hand , when the latching clock 
transistor 428. NMOS transistor 428 also includes a gate 15 signal SA is the clock signal in the upper half - cycle and 
terminal coupled to line CLK_B and a source terminal inverted latching clock signal SBA is in the lower half - cycle , 
coupled to a low potential voltage source Vss : the low enable terminal of tristate inverter 406 receives a 

Tristate inverter 416 includes two low enable terminals logic high value and the high enable terminal receives a 
formed by PMOS transistors 418 and 420. If either PMOS logic low value , thereby disabling the output terminal of 
transistor 418 or PMOS transistor 420 is turned off when the 20 tristate inverter 406 . 
input into tristate inverter 416 is a logic low value , PMOS Further , when data line set A is selected to input the data 
transistor 422 does not receive and output the high voltage ( i.e. , the select signal indicates that data line set A is 
potential Vdp . However , when both PMOS transistors 418 selected ) , the latching clock signal Sg on line CLK_B is the 
and 420 are turned on and PMOS transistor 422 receives a logic high value . In this event , selecting circuit 404 is 
logic low value from the output terminal of tristate inverter 25 configured to be disabled . Specifically , the logic high value 
414 , PMOS transistors 418-422 couple the high voltage is input into the low enable input of tristate inverter 410 . 
potential V to the output terminal of tristate inverter 416 Further , inverter 412 receives latching clock signal SB 
( i.e. , the drain of PMOS transistor 422 ) , thereby outputting carrying the high logic value , inverts the high logic value 
a logic high value . into a low logic value , and outputs an inverted clock signal 

Tristate inverter 416 also includes two high enable ter- 30 SBB carrying the logic low value into the high enable 
minals formed by NMOS transistors 426 and 428. If either terminal , thereby causing the tristate inverter 410 to be 
NMOS transistor 426 or NMOS transistor 428 is turned off , disabled and have a high - impedance state at an output 
NMOS transistor 424 does not receive and output the low terminal . Thus , the latching clock signal So carrying the 
voltage potential Vss when the input into tristate inverter predetermined logic value on line CLK_B disables selecting 
416 is a logic high value . When both NMOS transistors 426 35 circuit 404 . 
and 428 are turned on and NMOS transistor 424 receives a Also , when data line set A is selected at time To , the 
logic high value from the output terminal of inverter 414 , latching clock signal Sg carrying logic high value turns on 
NMOS transistors 424-428 couple the low voltage potential NMOS transistor 428 and the inverted latching clock signal 
Vss to the output terminal of tristate inverter 416 ( i.e. , the SBB carrying the logic low value turns on PMOS transistor 
drain of NMOS transistor 424 ) , thereby outputting a logic 40 420. Also at time To , the upper half - cycle of latching clock 
low value . signal S? will turn on NMOS transistor 426 and the lower 
For the purpose of describing the operation of multiplex half - cycle of inverted latching clock signal SBA will turn on 

ing latch 400 , the input data on the selected data line A [ n ] PMOS transistor 418. However , the lower half - cycle of 
of data line set A is referred to as data D? and the input data latching clock signal SA will turn off NMOS transistor 426 
on the selected data line data line B [ n ] of data line set B is 45 and the upper half - cycle of latching clock signal SB , turn off 
referred to as data DB . When data DA and data DB are in PMOS transistor 418. Thus , at time To , the tristate inverter 
inverted from within multiplexing latch 400 , data DA and 416 is enabled to receive data D? and output data DBA : 
data DB are referred to as data DBA and data DBB . Further , Selecting circuit 402 and 404 operate in a similar manner 
other signals within multiplexing latch 400 may be inverted when data line set B is selected . Specifically , at time T1 , the 
as described below to carry a complementary signal . 50 select signal on the select line SEL is set to a logic low value 

FIG . 4B is a timing diagram of waveforms at various to select data line set B , the latching clock signal SA is a logic 
nodes of multiplexing latch 400 of FIG . 4A and clock high value , thereby disabling selecting circuit 402. Also at 
generator 200 of FIG . 2 , in accordance with some embodi time T1 , the latching clock signal Sg carries the clock signal . 
ments . Thus , during the lower half - cycle of the latching clock signal 

In operation , when data line set A is selected at time To , 55 Sb , selecting circuit 404 is configured to receive data DB , 
the latching clock signal SA is a clock signal that is input into invert data DR into data DBB , and output data DBB . During 
the low enable terminal of tristate inverter 406. Inverter 408 the upper half - cycle of the latching clock signal Sp on line 
also receives the latching clock signal S? on line CLK_A , CLK_B , selecting circuit 404 is disabled . 
inverts the latching clock signal on line CLK_A signal , and At time T1 , the input terminal of inverter 414 receives the 
outputs the inverted latching clock signal SB4 to the high 60 data DBB from selecting circuit 404 , inverts the data DBB 
enable terminal of tristate inverter 406 via line CLKB_A . into data DB , and outputs data DB from multiplexing latch 

The output terminal of tristate inverter 406 is configured 400 on line OUT . The output terminal of inverter 414 also 
to be enabled according to the signals at the high enable outputs the data DR into the input terminal of tristate inverter 
terminal and the low enable terminal . When the low enable 416 . 
terminal of tristate inverter 406 receives a logic low value 65 When data line set B is selected at time T1 , selecting 
and the high enable terminal of tristate inverter 406 receives circuit 404 transmits the data DBB to the inverter 414. At 
a logic high value , tristate inverter 406 is enabled to invert time T1 , the latching clock signal SA carrying the logic high 
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value on line CLK_A turns on NMOS transistor 426 and the The output terminals of selecting circuits 502 and 504 are 
inverted latching clock signal SB , carrying the logic low coupled to an input terminal of an inverter 520. Inverter 520 
value on line CLKB_A will turn on PMOS transistor 418 . is cross - coupled with a tristate inverter 522 , thereby forming 
However , at time T1 , the latching clock signal Sp on line a first latch . Tristate inverter 522 has a high enable terminal 
CLK_B is in the lower half - cycle and the inverted latching 5 coupled to line CLKALLB and a low enable terminal 
clock signal SBB is in the upper half - cycle , thereby turning coupled to line CLKALL . 
off PMOS transistor 420 and NMOS transistor 428 and The output terminal of inverter 520 is coupled to an input 
disabling the tristate inverter 416. At time T2 , the upper terminal of a tristate inverter 524. Tristate inverter 524 has 
half - cycle of the latching clock signal Sg on line CLK_B a high enable terminal is coupled to line CLKALLB and a 
will turn on NMOS transistor 428 and the lower half - cycle 10 low enable terminal coupled to line CLKALL . The output 

terminal of inverter 524 is coupled to an input terminal of an of the inverted latching clock signal SBB on line CLKB_B inverter 528 that is cross - coupled with a tristate inverter 530 . will turn on PMOS transistor 420 , thereby causing tristate Inverter 528 and tristate inverter 530 form a second latch . inverter 416 to output data DBB : Tristate inverter 530 has a high enable terminal coupled to 
Inverter 414 and tristate inverter 416 are cross - coupled 15 line CLKALL and a low enable terminal coupled to line 

and form a feedback loop to latch the data D4 or data DB in CLKALLB . The output terminal of inverter 528 is con multiplexing latch 400. Tristate inverter 416 is configured to nected with the output terminal of multiplexing latch 500 . be operational during the upper half - cycle of either of the FIG . 5B is a timing diagram of waveforms at various 
latching clock signal SA on line CLK_A or the latching clock nodes of multiplexing latch 500 of FIG . 5A and clock 
signal Sp on line CLK_B . Thus , inverter 414 receives data 20 generator 200 of FIG . 2 , in accordance with some embodi 
DBA from selecting circuit 402 or data DBB from selecting ments . 
circuit 404 during the lower half - cycle of the latching clock During the operation of multiplexing latch 500 , NAND 
signals S? and Sp and outputs the data D4 or data DB . During gate 514 is configured to receive the latching clock signals 
the upper half - cycle of the latching clock signals S , and So , SA and SB , perform a logical NAND operation on the 
PMOS transistor 422 or NMOS transistor 424 is configured 25 latching clock signals SA and SB to generate a clock signal 
to turn on to output data DB , or data DBB into the input SCLOCK , and output the clock signal SCLOCK on line 
terminal of inverter 414. If the data DA or data DB corre CLKALL . Inverter 516 receives the clock signal SCLOCK 
sponds to a logic high value , NMOS transistor 424 turns on line CLKALL , inverts the generated clock signal on line 
to output the low voltage Vss ( i.e. , logic low value ) and , CLKALL , and outputs the inverted clock signal SBCLOCK ON 
if the data D corresponds to a logic high value , PMOS 30 line CLKALLB . 
transistor 422 turns on to output the high voltage VDD ( i.e. , At time To , selecting circuit 502 is enabled during the 
a logic high value ) . lower half - cycle of the latching clock signal S , on the line 
Multiplexing latch 400 is referred to as a half - latch CLK_A , thereby causing inverter 506 to invert data DA and 

because the latching operation triggers on a rising edge of output data DBA to inverter 520. Selecting circuit 502 is 
the clock signal . In other embodiments , a rising edge and a 35 disabled during the upper half - cycle of the latching clock 
falling edge of the clock signal are used for triggering the signal S4 . At time To , inverter 520 is configured to receive 
latching operation . In some embodiments , the devices of the data DBA from selecting circuit 502 , invert the data DBA 
multiplexing latch 400 are substituted with any other suit into data DA , and output the data DA to tristate inverter 522 
able configuration . For example , in another embodiment , a and tristate inverter 524 . 
NAND logic gate is implemented to generate a single clock 40 At time T1 , selecting circuit 504 is enabled during the 
signal based on the latching clock signals S? and SB : upper half - cycle of the latching clock signal Se , thereby 

FIG . 5A is a circuit diagram of a multiplexing latch 500 , causing inverter 510 to invert data DB and output data DBB 
which is similar in operation to the multiplexing latch 400 in to inverter 520. Selecting circuit 504 is disabled during the 
FIG . 4A , for selecting and latching data using latching clock upper half - cycle of the latching clock signal Sg on the line 
signals SA and Sp in an integrated circuit , according to some 45 CLK_B . At time T1 , the inverter 520 receives the data DBB 
embodiments . Multiplexing latch 500 receives the latching from the selecting circuit 504 , inverts the data DBB into data 
clock signals SA and So , selects a data line of the data line DB , and outputs the data D2 to tristate inverter 522 and 
set based on the latching clock signals SA and Sb , stores the tristate inverter 524. Thus , inverter 520 receives and outputs 
data from the selected data line , and outputs the data from data DB during a first half - cycle 540 . 
the selected data line set . The detailed operation of multi- 50 At time T1 , the low enable terminal of tristate inverter 522 
plexing latch 500 is similar to multiplexing latch 400 and is receives the upper half - cycle of the clock signal SCLOCK ON 
thus omitted . line CLKALL and the high enable terminal of tristate 
Multiplexing latch 500 includes a selecting circuit 502 inverter 522 receives the lower half - cycle of the clock signal 

and a selecting circuit 504. Selecting circuit 502 is the same SB CLOCK on line CLKALLB , thereby disabling tristate 
as selecting circuit 402 except that the output terminal of 55 inverter 522. Tristate inverter 524 will be disabled during 
inverter 508 is uncoupled from line CLKB_A and with every CLKALL upper half - cycle ( high state ) . 
reference numerals increased by 100. Selecting circuit 504 At time T2 , the low enable terminal of tristate inverter 522 
is the same as selecting circuit 404 except that the output receives the lower half - cycle of the clock signal SCLOCK ON 
terminal of inverter 512 is uncoupled from line CLKB_B line CLKALL and the high enable terminal of tristate 
and with reference numerals increased by 100 . 60 inverter 522 receives the upper half - cycle of the clock signal 
Multiplexing latch 500 includes a NAND gate 514 having SB , CLOCK , thereby enabling tristate inverter 522. Thus , at 

a first input terminal coupled to line CLK_A , a second input time T2 , tristate inverter 522 receives data DB , inverts data 
terminal coupled to line CLK_B , and an output terminal DB into data DBB , and outputs data DBB during a second 
coupled to line CLKALL . The output terminal of NAND half - cycle 542. Tristate inverter will also be enabled at time 
gate 514 is coupled to an input terminal of an inverter 516 65 T2 to receive data Dg from inverter 520 , invert the data DB 
and an output terminal of inverter 516 is coupled to line into data DBB , and transmit the data DB , to the second latch 
CLKALLB . formed by inverter 528 and tristate inverter 530. Tristate 
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inverter 524 is configured to buffer the second latch and the PMOS transistor 652 includes a drain terminal coupled to 
first latch . The high enable terminal of tristate inverter 530 the output terminal of inverter 646 and a gate terminal 
receives the lower half - cycle of the clock signal SCLOCK and coupled to the input terminal of inverter 646. Tristate 
the low enable terminal of tristate inverter 530 receives the inverter 646 also comprises an NMOS transistor 654 with a 
upper half - cycle of the clock signal SB CLOCK , thereby 5 drain terminal coupled to the input terminal of inverter 646 , 
disabling tristate inverter 530 . a gate terminal coupled to the output terminal of inverter 

At time T3 , the high enable terminal of tristate inverter 646 , and a source terminal coupled to a drain terminal of an 
530 receives the upper half - cycle of the clock signal SCLOCK NMOS transistor 656. NMOS transistor 656 also includes a 
and the low enable terminal of tristate inverter 530 receives source terminal coupled to line CLKB_A and a source 
the lower half - cycle of the clock signal SB CLOCK , thereby 10 terminal coupled to a drain terminal of an NMOS transistor 
enabling tristate inverter 530. At time Tz , tristate inverter 658. NMOS transistor 658 also includes a gate terminal 
530 receives data DB , inverts data DB into data DBB , and coupled to line CLK_B and a drain terminal coupled to a low 
outputs data DB , during a third half - cycle 544 . potential voltage source ( e.g. , ground , Vss , etc. ) . 
Multiplexing circuit 500 is referred to as a full - latch Tristate inverter 646 also comprises a PMOS transistor 

because a falling edge of the clock signal and a rising edge 15 660 having a source terminal coupled to a high potential 
of the clock signal are used for triggering the latching voltage source VDD a gate terminal coupled to line 
operation to fully store the data DA or data Dg therein . In CLKB_A , and a drain terminal coupled to a source terminal 
some embodiments , multiplexing circuit 500 receives the of a PMOS transistor 662. PMOS transistor 662 also 
clock signal on line CLK in addition to receiving the includes a gate terminal coupled to line CLK_B and a drain 
latching clock signals . In such alternative embodiment , 20 terminal coupled to the source terminal of PMOS transistor 
NAND gate 514 and the operation to generate clock signals 652 . 
on lines CLKALL and CLKALLB are omitted . Tristate inverter 646 also comprises an NMOS transistor 

FIG . 6 is a circuit diagram of another multiplexing latch 664 having a source terminal coupled to the source terminal 
600 for selecting and latching data using latching clock of NMOS transistors 654 , a gate terminal coupled to line 
signals in an integrated circuit , in accordance with some 25 CLK_A , and drain a terminal coupled to a source terminal 
embodiments . Multiplexing latch 600 is similar to multi of an NMOS transistor 666. NMOS transistor 666 also 
plexing latch 400 except including tristate inverter 630 , includes a gate terminal coupled to line CLKB_B and a 
inverter 644 , and tristate inverter 646 , with the output source terminal coupled to a low potential voltage source 
terminal of inverter 644 being coupled to the output terminal 
of the multiplexing latch 600 , and with reference numerals 30 Selecting circuit 602 is enabled during the lower half 
increased by 200 . cycle of the latching clock signal SA , thereby causing 
Multiplexing latch 600 includes a selecting circuit 602 inverter 606 to invert data DA into data DBA and output data 

and a selecting circuit 604. Selecting circuit 602 is the same inverter 614. Selecting circuit 602 is disabled during 
as selecting circuit 402 except that the output terminal of the upper half - cycle of the latching clock signal SA on the 
inverter 608 is also coupled to tristate inverters 630 and 646 35 line CLK_A is in the upper half - cycle . Similarly , selecting 
via line CLKB_A and with reference numerals increased by circuit 604 is enabled during the lower half - cycle of the 
200. Selecting circuit 604 is the same as selecting circuit 404 latching clock signal SB , thereby causing inverter 610 to 
except that the output terminal of inverter 612 is also invert data DB and output data DBB . Selecting circuit 604 is 
coupled to tristate inverters 630 and 646 via line CLKB_B disabled during the upper half - cycle of the latching clock 
and with reference numerals increased by 200. Multiplexing 40 signal SB : 
latch 600 includes a cross coupled latch formed by inverter Inverter 614 and tristate inverter 616 are configured as a 
614 and tristate inverter 616 that is the same as the cross first latch to receive the data , store the data , and output the 
coupled latch formed by inverter 414 and tristate inverter data to tristate inverter 630. Tristate inverter 630 is config 
416 with reference numerals increased by 200 , and with the ured as a buffer for a second latch that is implemented by 
exception that the output of the inverter 614 is not connected 45 inverter 644 and tristate inverter 646. Specifically , tristate 
with the output terminal of the multiplexing latch . inverter 630 receives the data D and outputs the data to 

The output terminal of inverter 614 and the input terminal inverter 644 during the upper half - cycle . Inverter 644 
of tristate inverter 616 are further coupled to the input receives the data , stores the data , and outputs the data . 
terminal of a tristate inverter 630. Tristate inverter 630 is the Tristate inverter 646 is configured to be enabled during 
same as tristate inverter 616 except having a different output 50 the upper and lower half - cycle of the latching clock signal 
and with reference numerals increased by fourteen . SA and SB . Specifically , PMOS transistors 660 and 662 and 

The output terminal of tristate inverter 630 is coupled to NMOS transistors 664 and 666 enable tristate inverter 646 
an input terminal of an inverter 644. Inverter 644 is cross during the upper half - cycle of the latching clock signal SA on 
coupled with a tristate inverter 646 to form a second latch CLK_A . PMOS transistors 648 and 650 and NMOS tran 
circuit . The output terminal of inverter 644 is coupled to an 55 sistors 656 and 658 enable inverter 646 during the upper 
input terminal of tristate inverter 646 and an output terminal half - cycle of the latching clock signal Sg on CLK_B . PMOS 
of tristate inverter 646 is coupled to an input terminal of transistors 660 and 662 and NMOS transistors 664 and 666 
inverter 644. The output terminal of inverter 644 is also enable tristate inverter 646 during the lower half - cycle of the 
connected to the output line OUT to output data from latching clock signal Sg on CLK_B . PMOS transistors 648 
multiplexing latch 600 . 60 and 650 and NMOS transistors 656 and 658 enable inverter 

Tristate inverter 646 comprises a PMOS transistor 648 646 during the lower half - cycle of the latching clock signal 
having a source terminal coupled to a high potential voltage SA on CLK_A . 
source VDD , a gate terminal coupled to line CLK_A , and a Tristate inverter 646 is a full latch configured to latch the 
drain terminal coupled to a source terminal of a PMOS data during both the upper and lower half - cycles of the clock 
transistor 650. PMOS transistor 650 also includes a gate 65 signal . Multiplexing latch 600 is configured to latch the data 
terminal coupled to line CLKB_B and a drain terminal faster than a typical full latch , because the multiplexing latch 
coupled to a source terminal of a PMOS transistor 652 . 600 , compared to the typical full latch , lacks an additional 
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multiplexer stage and therefore the delay time in the addi a second NAND gate configured to receive the inverted 
tional multiplexer stage of the typical full latch is saved . clock signal having the clock signal frequency , receive a 

FIG . 7 is a flowchart of a method 700 for multiplexing and signal inverted from the select signal , and output the second 
latching data in an integrated circuit using latching clock latching clock signal . In some embodiments , the multiplex 
signals , in accordance with one or more embodiments . In 5 ing latch circuit is one multiplexing latch circuit of a 
some embodiments , method 700 is applicable to the circuits plurality of multiplexing latch circuits , and each multiplex 
illustrated in conjunction with FIG . 2 , FIG . 4A , FIG . 5A , ing latch circuit of the plurality of multiplexing latch circuits 
and / or FIG . 6 . is configured to receive the first latching clock signal and the 

The method begins with operation 705 , where clock second latching clock signal . In some embodiments , the 
generator 200 receives a clock signal on line CLK and a 10 multiplexing latch circuit includes a half - latch configured to 
select signal on line SEL . The select signal on line SEL trigger a latching operation on a rising edge of the one of the 
indicates a data line set to select for input into a device of the first latching clock signal or the second latching clock signal 
integrated circuit . In some embodiments , the device is a having the clock signal frequency . In some embodiments , 
memory array , an analog - to - digital converter ( ADC ) , or a the multiplexing latch circuit includes a full - latch configured 
processor . The method proceeds to operation 710 , where 15 to trigger a latching operation on a falling edge and on a 
clock generator 200 generates latching clock signal SA on rising edge of the one of the first latching clock signal or the 
line CLK_A and generates latching clock signal Sp on line second latching clock signal having the clock signal fre 
CLK_B . Each data line set is a different data source for the quency . In some embodiments , the multiplexing latch circuit 
device . After generating the latching clock signals SA and is one multiplexing latch circuit of a plurality of multiplex 
SB , the method proceeds to operation 715 , where multiplex- 20 ing latch circuits , the first data line is a first data line of a 
ing latch ML [ n ] selects data line A [ n ] or B [ n ] based on the plurality of first data lines , the first data are on the plurality 
latching clock signals SA and SB . The method proceeds to of first data lines , the second data line is a second data line 
operation 720 , where multiplexing latch ML [ n ] stores and of a plurality of second data lines , the second data are on the 
outputs the data on lines OUT [ n ] from the selected data line plurality of second data lines , and each multiplexing latch 
set . The method stores the data from the selected data line set 25 circuit of the plurality of multiplexing latch circuits is 
until new data is provided from the selected data line set or configured to select either first data on a corresponding first 
until a different data line set is selected to be input into the data line of the plurality of first data lines or second data on 
device . a corresponding second data line of the plurality of second 

FIG . 8 is a functional block diagram of a processor - based data lines based on the first latching clock signal and the 
system 800 upon which or by which an embodiment is 30 second latching clock signal . In some embodiments , the 
implemented . plurality of multiplexing latch circuits is configured to 

In some embodiments , the processor - based system is output the first data and the second data to a memory array . 
implemented as a single " system on a chip . ” Processor In some embodiments , the clock generator is configured to 
based system 800 includes a communication device such as generate a third latching clock signal , and the multiplexing 
a bus 801 for transferring information and / or instructions 35 latch circuit is configured to further select third data on a 
among the components of processor - based system 800 and third data line based on the first latching clock signal , the 
a memory 805 for storing data . Processor 803 is connected second latching clock signal , and the third latching clock 
to bus 801 to obtain instructions for execution and process signal . 
information stored in , for example , memory 805. In some In some embodiments , a circuit includes a clock generator 
embodiments , processor 803 is also accompanied by one or 40 configured to , responsive to a select signal , generate a first 
more specialized components to perform certain processing latching clock signal having one of a clock signal frequency 
functions and tasks such as one or more digital signal or a predetermined logic value , and generate a second 
processors ( DSP ) , one or more ADCs , one or more digital latching clock signal having the other of the clock signal 
to - analog converters ( DAC ) , or one or more application frequency or the predetermined logic value , and a multi 
specific integrated circuits ( ASIC ) . A device within the 45 plexing latch circuit including a first selecting circuit con 
processor - based system 800 , such as memory 805 or other figured to receive the first latching clock signal , and a second 
components , includes multiplexing latches ML [ n ] to receive selecting circuit configured to receive the second latching 
input data from at least two data sources and selectively clock signal , wherein each of the first selecting circuit and 
output the received data in response to various selection the second selecting circuit is configured to select data on a 
signals from processor 803 or other suitable control circuits . 50 data line responsive to the corresponding latching clock 
In some embodiments , the multiplexing latches ML [ n ] signal having the clock signal frequency . In some embodi 
enable the processor - based system 800 to perform on - chip ments , each of the first selecting circuit and the second 
testing of the device . selecting circuit includes a tristate inverter configured to 

In some embodiments , a circuit includes a clock generator have a high - impedance state at an output terminal respon 
configured to generate a first latching clock signal and a 55 sive to the corresponding latching clock signal having the 
second latching clock signal , wherein , responsive to a select predetermined logic value . In some embodiments , the mul 
signal , one of the first latching clock signal or the second tiplexing latch circuit further includes an inverter cross 
latching clock signal has a clock signal frequency and the coupled with a tristate inverter , and an input of the inverter 
other of the first latching clock signal or the second latching is configured to receive an output of the first selecting circuit 
clock signal has a predetermined logic value , and a multi- 60 and an output of the second selecting circuit . In some 
plexing latch circuit configured to select either first data on embodiments , the first selecting circuit is configured to 
a first data line or second data on a second data line based output a first signal inverted from the first latching clock 
on the first latching clock signal and the second latching signal , the second selecting circuit is configured to output a 
clock signal . In some embodiments , the clock generator second signal inverted from the second latching clock sig 
includes a first NAND gate configured to receive an inverted 65 nal , and the tristate inverter is configured to be enabled 
clock signal having the clock signal frequency , receive the based on the first signal and the second signal . In some 
select signal , and output the first latching clock signal , and embodiments , the multiplexing latch circuit further includes 
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a NAND gate , the NAND gate is configured to output a 3. The circuit of claim 1 , wherein 
signal based on the first latching clock signal and the second the multiplexing latch circuit is one multiplexing latch 
latching clock signal , and the tristate inverter is configured circuit of a plurality of multiplexing latch circuits , and 
to be enabled based on the signal . In some embodiments , the each multiplexing latch circuit of the plurality of multi 
tristate inverter is configured be enabled further based on a plexing latch circuits is configured to receive the first 
complement of the signal . In some embodiments , the mul latching clock signal and the second latching clock 
tiplexing latch circuit includes an additional tristate inverter signal . 
configured to receive an output of the inverter . 4. The circuit of claim 1 , wherein the multiplexing latch 

In some embodiments , a method includes , in response to circuit comprises a half - latch configured to trigger a latching a select signal , generating a first latching clock signal having 10 operation on a rising edge of the one of the first latching a clock signal frequency , in response to the select signal , clock signal or the second latching clock signal having the generating a second latching clock signal having a prede clock signal frequency . termined logic value , and in response to the first latching 
clock signal and the second latching clock signal , selecting 5. The circuit of claim 1 , wherein the multiplexing latch 
either a first data on a first data line or a second data on à 15 circuit comprises a full - latch configured to trigger a latching 
second data line using a latching device . In some embodi operation on a falling edge and on a rising edge of the one 
ments , each of the generating the first latching clock signal of the first latching clock signal or the second latching clock 
and the generating the second latching clock signal includes signal having the clock signal frequency . 
outputting a signal from a NAND gate of a clock generator . 6. The circuit of claim 1 , wherein 
In some embodiments , the method includes , in response to 20 the multiplexing latch circuit is one multiplexing latch 
the second latching clock signal having the predetermined circuit of a plurality of multiplexing latch circuits , 
logic value , disabling a tristate inverter of the latching the first data line is a first data line of a plurality of first 
device . In some embodiments , one of the selecting the first data lines , 
data on the first data line or the selecting the second data on the first data are on the plurality of first data lines , 
the second data line includes selecting test data in a test 25 the second data line is a second data line of a plurality of 
mode . In some embodiments , the method includes latching second data lines , 
the selected first data or second data with the latching the second data are on the plurality of second data lines , device , and outputting the latched first data or second data and 
from the latching device . each multiplexing latch circuit of the plurality of multi The foregoing outlines features of several embodiments 30 plexing latch circuits is configured to select either first so that those skilled in the art may better understand the data on a corresponding first data line of the plurality of aspects of the present disclosure . Those skilled in the art first data lines or second data on a corresponding should appreciate that they may readily use the present second data line of the plurality of second data lines disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes 35 based on the first latching clock signal and the second 
and / or achieving the same advantages of the embodiments latching clock signal . 
introduced herein . Those skilled in the art should also realize 7. The circuit of claim 6 , wherein the plurality of multi 
that such equivalent constructions do not depart from the plexing latch circuits is configured to output the first data 
spirit and scope of the present disclosure , and that they may and the second data to a memory array . 
make various changes , substitutions , and alterations herein 40 8. The circuit of claim 1 , wherein 
without departing from the spirit and scope of the present the clock generator is configured to generate a third 
disclosure . latching clock signal , and 
What is claimed is : the multiplexing latch circuit is configured to further 
1. A circuit , comprising : select third data on a third data line based on the first 
a clock generator configured to generate a first latching 45 latching clock signal , the second latching clock signal , 

clock signal and a second latching clock signal , and the third latching clock signal . 
wherein , responsive to a select signal , one of the first 9. A circuit , comprising : 
latching clock signal or the second latching clock signal a clock generator configured to , responsive to a select 
has a clock signal frequency and the other of the first signal , generate a first latching clock signal having one 
latching clock signal or the second latching clock signal 50 of a clock signal frequency or a predetermined logic 
has a predetermined logic value ; and value , and generate a second latching clock signal 

a multiplexing latch circuit configured to select either first having the other of the clock signal frequency or the 
data on a first data line or second data on a second data predetermined logic value ; and 
line based on the first latching clock signal and the multiplexing latch circuit comprising : 
second latching clock signal . a first selecting circuit configured to receive the first 

2. The circuit of claim 1 , wherein the clock generator latching clock signal ; and 
comprises : a second selecting circuit configured to receive the 

a first NAND gate configured to second latching clock signal , 
receive an inverted clock signal having the clock signal wherein each of the first selecting circuit and the second 

frequency , selecting circuit is configured to select data on data 
receive the select signal , and line responsive to the corresponding latching clock 
output the first latching clock signal ; and signal having the clock signal frequency . 

a second NAND gate configured to 10. The circuit of claim 9 , wherein each of the first 
receive the inverted clock signal having the clock selecting circuit and the second selecting circuit comprises 

signal frequency , 65 a tristate inverter configured to have a high - impedance state 
receive a signal inverted from the select signal , and at an output terminal responsive to the corresponding latch 
output the second latching clock signal . ing clock signal having the predetermined logic value . 

55 

60 
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11. The circuit of claim 9 , wherein 16. A method of selecting data in a circuit , the method 
the multiplexing latch circuit further comprises an comprising : 

inverter cross - coupled with a tristate inverter , and in response to a select signal , generating a first latching 
an input of the inverter is configured to receive an output clock signal having a clock signal frequency ; 

of the first selecting circuit and an output of the second 5 in response to the select signal , generating a second 
latching clock signal having a predetermined logic selecting circuit . value ; and 12. The circuit of claim 11 , wherein in response to the first latching clock signal and the the first selecting circuit is configured to output a first second latching clock signal , selecting either a first data signal inverted from the first latching clock signal , on a first data line or a second data on a second data line 

the second selecting circuit is configured to output a using a latching device . 
second signal inverted from the second latching clock 17. The method of claim 16 , wherein each of the gener 
signal , and ating the first latching clock signal and the generating the 

the tristate inverter is configured to be enabled based on second latching clock signal comprises outputting a signal 
the first signal and the second signal . from a NAND gate of a clock generator . 

13. The circuit of claim 11 , wherein 18. The method of claim 16 , further comprising , in 
the multiplexing latch circuit further comprises a NAND response to the second latching clock signal having the 

gate , predetermined logic value , disabling a tristate inverter of the 
the NAND gate is configured to output a signal based on latching device . 

the first latching clock signal and the second latching 20 the first data on the first data line or the selecting the second 19. The method of claim 16 , wherein one of the selecting 
clock signal , and 

the tristate inverter is configured to be enabled based on data on the second data line comprises selecting test data in 
the signal . a test mode . 

14. The circuit of claim 13 , wherein the tristate inverter is 20. The method of claim 16 , further comprising : 
configured be enabled further based on a complement of the latching the selected first data or second data with the 
signal . latching device ; and 

15. The circuit of claim 11 , wherein the multiplexing latch outputting the latched first data or second data from the 
circuit comprises an additional tristate inverter configured to latching device . 
receive an output of the inverter . 
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