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SYSTEMS AND METHOD FOR LEVEL 
SHIFTERS 

BACKGROUND 

0001. Many electronic circuits utilize more than one Sup 
ply level to improve speed and operation of the circuits, while 
mitigating power consumption. For example, a circuit may 
have portions operating at a first level and other portions 
operating at a second level. Additionally, the circuit may have 
varied modes that utilize different power levels, such as sleep 
modes, low power modes, and the like. Some examples of 
varied voltage levels are 5 V. 3.3 V, 1.8 V and the like. 
0002 The varied voltage levels can be provided in a num 
ber of ways. For example, separate power Sources can be 
utilized to provide the varied levels. However, this can be 
costly in terms of die space and complexity. As another 
example, a level shifter can be used to selector provide varied 
levels from a single power source. Thus, varied levels of 2.5V 
and 5V can be provided using a level shifter with a single 5V 
power source. However, these approaches can be costly to 
implement and may suffer reliability issues. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003 FIG. 1 is a diagram illustrating a system using varied 
Voltage Supply levels according to an embodiment of the 
present disclosure. 
0004 FIG. 2 is a diagram of a level shifter having a cross 
latch output component according to an embodiment of the 
present disclosure. 
0005 FIG. 3 is a graph illustrating non-inverting inputs 
and outputs for the level shifter having a cross latch output 
component of FIG. 2 during an over-drive mode according to 
an embodiment of the present disclosure. 
0006 FIG. 4A is a timing diagram that depicts inverting 
and non-inverting inputs for the level shifter having a cross 
latch output component of FIG. 2 during an over-drive mode 
according to an embodiment of the present disclosure. 
0007 FIG. 4B is another timing diagram that depicts 
inverting and non-inverting outputs for the level shifter hav 
ing across latch output component of FIG.2 during according 
to over-drive mode in an embodiment of the present disclo 
SUC. 

0008 FIG. 5 is a graph illustrating non-inverting inputs 
and outputs for the level shifter having a cross latch output 
component of FIG. 2 for an under-drive mode according to an 
embodiment of the present disclosure. 
0009 FIG. 6A is a timing diagram that depicts inverting 
and non-inverting inputs for the level shifter having a cross 
latch output component of FIG. 2 for an under-drive mode 
according to an embodiment of the present disclosure. 
0010 FIG. 6B is another timing diagram that depicts 
inverting and non-inverting outputs for the level shifter hav 
ing a cross latch output component of FIG. 2 for an under 
drive mode according to an embodiment of the present dis 
closure. 
0011 FIG. 7 is a flow diagram illustrating a method of 
generating an output signal having proper levels according to 
an embodiment of the present disclosure. 

DETAILED DESCRIPTION 

0012. The description herein is made with reference to the 
drawings, wherein like reference numerals are generally uti 
lized to refer to like elements throughout, and wherein the 
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various structures are not necessarily drawn to scale. In the 
following description, for purposes of explanation, numerous 
specific details are set forth in order to facilitate understand 
ing. It may be evident, however, to one ordinary skill in the art, 
that one or more aspects described herein may be practiced 
with a lesser degree of these specific details. In other 
instances, known structures and devices are shown in block 
diagram form to facilitate understanding. 
0013 FIG. 1 is a diagram illustrating a system 100 using 
varied Voltage Supply levels according to an embodiment of 
the present disclosure. The system 100, in this example, Sup 
ports over-drive and under-drive modes and/or applications. 
The system 100 receives an input signal (Vi and Vib) and 
provides outputs (Z and ZN) at proper levels according to the 
mode being used and input signals I and IN. The system 100 
utilizes a cross coupled level shifter 102 to generate the out 
puts Zand ZNatupper and lower levels, even for input signals 
I and IN below a lower limit. The lower limit is a value 
proximate to ground and is specified further below. 
(0014) The system 100 includes a level shifter 102, a first 
pad tracker 104A, a second pad tracker 104B, PMOS transis 
tors P1-P6 and NMOS transistors N1-N6. The PMOS tran 
sistors P1, P2, and P3 and the NMOS transistors N1, N2 and 
N3 are connected serially to form a left side of the system 100. 
The PMOS transistors P4, P5, and P6 and the NMOS transis 
tors N4, N5, and N6 are connected serially to form a right side 
of the system 100. 
0015 The first pad 104A is coupled to gates of the tran 
sistors P3 and N1 and provides an inverted input signal (IN) 
114 to the level shifter 102. The first pad 104A also controls 
gate voltages of the transistors P3 and N1, in order to control 
or reduce a drain to source peak of the transistor N1. The 
second pad 104B is coupled to gates of the transistors P6 and 
N4 and provides an input signal (I) 116 to the level shifter 102. 
The second pad 104B also controls gate voltages of the tran 
sistors P6 and N4, in order to control or reduce a drain to 
source peak of the transistor N4. 
0016. The system 100 has a middle power supply 
(VDDM) 108 present at the gates of the transistors P2 and P5. 
The middle power supply 108, also referred to as the middle 
power, operates at 1.8 V for the under-drive mode and at 3.3 
V for the over-drive mode. Other values of the middle power 
supply 108 are within the contemplated scope of the disclo 
sure. The system 100 also has an input/output (I/O) power 
supply (VDDPST) 106 at sources of the transistors P1 and P4. 
The sources of the transistors N3 and N6 are coupled to VSS 
118. Gates of the transistors N3 and N6 receive inputs (Vib 
and Vi). The I/O power supply 106 is set at 3.3 V for the 
over-drive mode and at 1.8 V for the under-drive mode. The 
inputs Vib and Vi vary between about 0 and 1.8 V for both 
under-drive and over-drive modes. Corresponding leveled 
values appear at the outputs 110 and 112 and toggle between 
0 and 1.8 V for the under-drive mode and between 0 and 3.3 
V for the over-drive mode. 

(0017. The middle power supply 108 is responsible for 
conduction of the transistors P2 and P5. When the middle 
power supply 108 switches to 0, the transistors P5 and P2 
conduct normally (are ON). When the middle power supply 
108 switches to 1.8V, the transistors P2 and P5 do not conduct 
(OFF). 
(0018. The inputs Vi and Vib are leveled up to desired 
output voltage levels at the outputs 110 and 112. The I/O 
power supply 106 is set at 3.3 V for the over-drive mode and 
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at 1.8 V for the under-drive mode. Other values of the power 
supply 106 are within the contemplated scope of the disclo 
SUC. 

0019. The transistors P1-P6 and N1-N6 are 1.8 V devices 
and are utilized for Voltage conversion. Agate of the transistor 
P1 receives an output (Z) 112 from the level shifter 102. A 
gate of the transistor P4 receives an inverted output (ZN) 110 
from the level shifter 102. 
0020. The transistors N1 and P3 form a pad tracking stage 
wherein their gate terminals are connected to the pad tracker 
104A and the stage is configured to reduce a peak drain to 
source voltage of the transistor N1. The transistors N4 and P6 
operate similarly with respect to the pad tracker 104B. The 
transistors N2 and P2 for a mid-bias stage, which is config 
ured to Sustain the input signal IN during over-Voltage stress. 
The transistors P5 and N4 similar form a mid-bias stage 
configured to Sustain the input signal I during over-Voltage 
stress. The transistors P1 and N3 form a driving stage, which 
is controlled by the inverting signals Vib (for N3) and by the 
non-inverting output (Z). Similarly, the transistors P4 and N6 
form a driving stage, which is controlled by the signal Vb (for 
N6) and by the inverting output (ZN). When Vi is at a logic 
value of 1, the input signal I 116 is discharged to 0 and the 
transistor P1 is Switched on by the non-inverting output signal 
Z. Then, the input signal IN is driven to a logic value of 1 
thereafter. Similarly, when Vib is at a logic value of 1, the 
inverted input signal IN 114 is discharged to 0 and the tran 
sistor P4 is switched on by the inverting output signal ZN. 
Then, the non-inverting input signal “I” 116 is driven to a 
logic value of 1. 
0021. The level shifter 102 is a cross coupled shifter that 
provides the outputs 110 and 112 with relatively improved 
reliability compared to another approach. The level shifter 
102 includes a cross coupled output component and Supports 
an over-drive mode at 3.3V and under-drive mode at 1.8V at 
the outputs 110 and 112. In the over-drive mode, the outputs 
(Zand ZN) 110 and 112 toggle between 1.8V and 3.3V. In the 
under-drive mode, the outputs 110 and 112 toggle between 
OV and 1.8V. For the over-drive mode, the I/O power supply 
(VDDPST) 106 is at 3.3V. For the under-drive mode, the I/O 
power supply 106 is at 1.8V. 
0022. Other level shifters without a cross coupled output 
component can have a dead-zone effect wherein the shifter 
outputs fail to reach a ground Voltage levels in the under-drive 
mode. This is referred to as a dead-zone effect and is 
described in additional detail below. Reliability issues can be 
encountered as a result. 
0023 The level shifter 102 includes the cross coupled 
output component that facilitates driving the outputs (Z and 
ZN) 110 and 112 to ground voltage for the under-drive mode. 
In one example, the cross coupled output component (not 
shown) includes two NMOSFET transistors configured to 
drive the outputs 110 and 112 to ground for the under-drive 
mode. As a result, the level shifter 102 provides suitable 
output levels for both the over-drive and under-drive modes. 
0024. It is appreciated that the level shifter 102 is 
explained with over-drive modes and under-drive modes, but 
other output levels and modes are contemplated. 
0025 FIG. 2 is a diagram of a level shifter 200 having a 
cross latch output component according to an embodiment of 
the present disclosure. The level shifter 200 is configured to 
receive an input signal having an input Voltage and provide an 
output signal having an output Voltage at a selected or desired 
level. Further, the level shifter 200 is configured to provide the 
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selected level for a complete range of the input Voltage, 
including values proximate to ground or OV, also referred to 
as the lower limit. 
0026. The selected level of the output signal (Z or ZN) 
depends on a mode of operation. The level shifter 200 is 
configured to mitigate dead Zone issue. The dead Zone issue is 
an effect present in other approaches wherein a level shifter is 
unable to provide output signals at values below the lower 
limit. The lower limit is typically a function of PMOS tran 
sistors coupled to shifter outputs. 
(0027. The level shifter 200 mitigates and/or avoids the 
dead Zone effect. As a result, the level shifter 200 produces 
Suitable output signal levels, including levels in both over 
drive and under-drive modes. Additionally, the levels shifter 
200 is an example of a suitable level shifter that can be utilized 
for the level shifter 102 of system 100, described above. 
0028. The shifter 200 includes an inverting portion 210a, a 
non-inverting portion 210b, and a cross latch component 206. 
The inverting portion 210a is formed by PMOS transistors 
P40 and P42. The non-inverting portion 210b is formed by 
PMOS transistors P41 and P43. 
0029. The non-inverting portion 210b is configured to 
receive a non-inverting input “I” at input node 204b and a 
middle power supply VDDM and to provide an intermediary 
non-inverting output at node 208b. A source of the transistor 
P41 and a gate of the transistor P43 are connected to the 
non-inverting input node 204b, which receives a non-invert 
ing input I. A source of the transistor P43 and a gate of the 
transistor P41 are connected to the middle supply voltage 
VDDM. A drain of the transistor P43 and a drain of the 
transistor P41 are connected to the node 208b, which provides 
an intermediate non-inverting output. It is appreciated that the 
identified sources and drains are for reference purposes and 
they can vary during use according to modes of operation 
and/or applied Voltages. 
0030 The non-inverting input I toggles between upper and 
lower values. The cross latch component 206 is configured to 
further modify the intermediary non-inverting output and 
provide a non-inverting output Z at node 202b. The non 
inverting output Z is a level shifted output Voltage at a Voltage 
value corresponding to a Voltage value of the non-inverting 
input I. 
0031. The middle power supply VDDM has a value cor 
responding to a lower or bottom level of the non-inverting 
output Z. An upper level of the non-inverting output Z corre 
sponds to an upper value of the input I. Thus, the upper and 
lower output levels of the output Zcan be adjusted for various 
modes of operation by adjusting the input I and the middle 
power supply VDDM. 
0032 Similarly, the-inverting portion 210a is configured 
to receive an inverting input “IN' at input node 204a and a 
middle power supply VDDM and to provide an intermediary 
inverting output at node 208a. A source of the transistor P40 
and a gate of the transistor P42 are connected to input node 
204a, which receives the inverting input IN. A gate of the 
transistor P40 and a source of the transistor P42are connected 
to the middle supply (VDDM). A drain of the transistor P40 
and a drain of the transistor P42 are connected to the node 
208a. The intermediate inverting output node 208a provides 
an intermediate inverting output. A source of the transistor 
P40 and a gate of the transistor P42 are coupled to the invert 
ing input node 204a that receives the inverting input IN. 
0033. The inverting input IN toggles between upper and 
lower values. The cross latch component 206 is configured to 
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further modify the intermediary inverting output and provide 
an inverting output ZN at node 202a. The inverting output ZN 
is a level shifted output Voltage at a Voltage value correspond 
ing to a Voltage value of the non-inverting input I. 
0034. The cross latch component 206 includes a pair of 
cross latch NMOS transistors N46 and N45. Gates of the 
cross latch transistors N46 and N45 are cross connected to the 
intermediate output 208b. 208a, respectively. A drain of the 
transistor N46 and the gate of the transistor N45 are con 
nected to the node 208a and a drain of the transistor N45 and 
the gate of the transistor N46 are connected to the node 208b. 
A source of the transistor N46 and a source of the transistor 
N45 are connected to the middle supply voltage VDDM. It is 
noted that nodes 202a and 208a are effectively the same node. 
Similarly, nodes 202b and 208b are also effectively the same 
node. 
0035. The middle power supply VDDM has a value cor 
responding to a lower or bottom level of the inverting output 
ZN. An upper level of the inverting output ZN corresponds to 
an upper value of the inverting input IN. Thus, the upper and 
lower output levels of the inverting output ZN can be adjusted 
for various modes of operation by adjusting the inverting 
input IN and the middle power supply VDDM. 
0036. In one example, the shifter 200 is configured to 
operate in an over-drive mode. In this mode, the input signals 
I and IN vary or toggle between the upper and lower values of 
3.3V and OV, respectively. The middle power supply VDDM 
is set at a voltage of about 1.8V. The output signals Zand ZN 
track the input signals I and IN, but toggle between upper and 
lower limits of 3.3V and 1.8V, respectively. Effectively, in the 
over-drive mode, the lower value of the output signal Z is 
shifted from the lower value of the input signal I of OV to 1.8V. 
Similarly, the lower value of the output signal ZN is shifted 
from the lower value of the input signal IN of OV to 1.8V. 
0037. With VDDM at 1.8V, the shifter 200 operates in the 
over-drive mode. With I at OV, the gate of the transistor P43 is 
at OV, causing the transistor P43 to turn ON. The gate of the 
transistor P41 is at 1.8V, which turns the transistor P41 OFF. 
As a result, the source of the transistor P43 is at 1.8V and is 
provided to its drain and the intermediary node 208b. The 
1.8V is propagated to the output node 202b and is provided as 
the output signal Z. Operation of the inverting portion 210a 
mirrors the operation of the non-inverting portion 210b. 
0038. In contrast, with I at 3.3V the gate of the transistor 
P43 is at 3.3V, causing the transistor P43 to turn OFF. The 
source of the transistor P41 is at 3.3V and the gate of the 
transistor P41 is at 1.8V, which turns the transistor P41 ON. 
The 3.3 V at the source of the transistor P41 is provided at its 
drain and, as a result, at the intermediary node 208b. The 3.3V 
is also propagated to the output node 202b and is provided as 
the output signal Z. Operation of the inverting portion 210a 
mirrors the operation of the non-inverting portion 210b. 
0039. In another example, the shifter 200 is configured to 
operate in an under-drive mode. In this mode, the input sig 
nals I and IN vary or toggle between the upper and lower 
values of 1.8V and OV, respectively. The middle power supply 
VDDM is set at a voltage of about OV. The output signals Z 
and ZN track the input signals I and IN, but toggle between 
upper and lower limits of 1.8V and OV, respectively. 
0040. With VDDM at OV, the shifter 200 operates in the 
under-drive mode. VDDM at OV is also at the source of the 
transistor P43. When the input signal I is at 1.8V, the gate of 
the transistor P43 is 1.8V. As a result, the transistor P43 is 
turned OFF. VDDM at OV is also that gate of the transistor 

Sep. 18, 2014 

P41. Input I at 1.8V is also at the source of the transistor P41. 
As a result, the transistor P41 is turned ON, and propagates 
the input signal I at 1.8V to the intermediary node 208b and 
the output node 202b. As a result, the output signal Z is at 
1.8V. Operation of the inverting portion 210a mirrors the 
operation of the non-inverting portion 210b. 
0041. In contrast, when the signal input I is at OV, the gate 
of the transistor P43 is OV. The transistor P43 is turned on by 
the input signal I being at OV at its gate. The source of the 
transistor P43 propagates the OV to its drain. The transistor 
P41 is turned ON by the VDDM being at OV at its gate. The 
source of the transistor P41 propagates the OV to its drain. The 
transistors P41 and P43 are both on and behave as high 
Voltage convoys and the threshold Voltage of the transistors 
P41/P43 would prevents the node 208b from being driven to 
OV without the cross latch output component 206. The thresh 
old voltage yields a lower limit. The behavior of the P41 and 
P43 transistors is referred to as a dead Zone dilemma or dead 
Zone problem. Operation of the inverting portion 210a mir 
rors the operation of the non-inverting portion 210b. 
0042. The transistor N45 of the cross latch component 206 
pulls the output signal Z and the nodes 208b and 202b to OV 
as follows. By operation of the level shifter 200, with the input 
signal I at OV, the inverting input signal IN is at 1.8V. The 
inverting input signal IN is at the gate of the transistor P42, 
and is 1.8V. The VDDM is at OV and is at the source of the 
transistor P42. As a result, the transistor P42 is turned OFF. 
The inverting input signal IN is also at the source of the 
transistor P40, and is 1.8V. The VDDM at OV is also at the 
gate of the transistor P40. As a result, the transistor P40 is 
turned ON. The source of the transistor P40 is at 1.8V. Con 
sequently, the drain of the transistor P40, which is connected 
to node 208a, is at 1.8V. The node 208a is also at the gate of 
the transistor N45, thus the gate of the transistor N45 is at 
1.8V. The node VDDM at OV is also at the drain of the 
transistor N45. As a result, the transistor N45 is turned ON 
and the output node 202bis pulled to the VDDM, which is OV. 
In other words, the output signal Z is pulled to OV by the cross 
latch component 206. The transistor N45 does not have the 
threshold voltage issue that the transistor P41 has. Operation 
of the inverting portion 210a mirrors the operation of the 
non-inverting portion 210b. 
0043. As can be seen, embodiments of the disclosure are 
advantageous over other approaches that do not have the cross 
latch component 206, because without the cross latch com 
ponent 206, the output node 208b would not reach the 
selected lower level. 

0044) To summarize, when the input signal I transitions 
from an upper level (e.g., 1.8V) to a lower level of OV, the 
level shifter 200 encounters a dead Zone. This dead Zone 
occurs when the input signal I reaches and is lower than a 
threshold voltage of the transistor P41. The threshold voltage 
is also referred to as a lower limit. In the dead Zone, the 
transistor N45 pulls node 208b to OV as explained above. 
0045. As an example, when the input signal I is 1.8 V. 
transistor P43 is turned OFF, and the transistor P41 is turned 
ON as explained above. Because the transistor P41 is turned 
ON, the voltage level of the output node Z or node 208b at the 
drain of the transistor P41 follows voltage level of the input 
signal I at the source of the transistor P41. Explained in a 
different way, a dead Zone exists when the voltage level of the 
input signal is lower than the threshold Voltage of the transis 
tor P41. The transistor N45 pulls the node 202b to OV and 
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resolves the dead Zone problem. Operation of the inverting 
portion 210a mirrors the operation of the non-inverting por 
tion 210b. 
0046. The dead Zone problem is described with regard to 
the under-drive mode, however it is appreciated that the dead 
Zone problem is avoided by the cross latch component 206 in 
other modes and at other applied Voltages. Further, it is appre 
ciated that other modes are contemplated. 
0047. In brief, for the over-drive mode example described 
above, the outputs 202a, 202b provide levels that toggle 
between 1.8V and 3.3V with the VDDMat 1.8V and the input 
signals IN and I toggle between 0 and 3.3V. When the VDDM 
switches to 1.8V from OV, the level shifter 200 changes to the 
under-drive mode, the outputs 202a, 202b provide levels that 
toggle between 0 and 1.8V. 
0048. The lower limit or threshold value varies according 
to the type of transistors and/or processes used in fabrication 
for P41 and P40. Typically, the threshold value (Vth) ranges 
from about 300 mV to about 500 mV. Once the gate-source 
voltage is below the threshold voltage, the transistor P41 or 
P40, loses its driving force. 
0049 FIG. 3 is a graph 300 illustrating non-inverting 
inputs and outputs for the level shifter 200 having a cross latch 
output component of FIG. 2 during an over-drive mode. The 
middle supply voltage (VDDM) is at about 1.8V for the 
over-drive mode. 
0050 Line 301 depicts a non-inverting output Z compared 
with a non-inverting input I. An X-axis depicts the non-invert 
ing input I increasing from Zero and a y-axis depicts the 
non-inverting output Z increasing from Zero. As the input I 
changes from Zero to 1.8V, the output Z. stays at about 1.8V. 
As the input I increases from 1.8 to 3.3V, the output Zchanges 
with the input from 1.8 to 3.3V. 
0051. The graph 300 includes a transition portion 302, as 
illustrated by a dashed line, where the output Z changes from 
a constant value to an increasing value in response to the input 
I. The inverting output ZN and the inverting input IN operate 
in a similar manner. 
0052 FIGS. 4A and 4B are timing diagrams and show 
inputs and outputs for the over-drive mode for the level shifter 
200 of FIG. 2. 
0053 FIG. 4A is a timing diagram 401 that depicts invert 
ing and non-inverting inputs for the over-drive mode accord 
ing to an embodiment of the present disclosure. The non 
inverting input is designated as I and the inverting input is 
designated as IN. The inverting input IN toggles between 0 
and 3.3V as shown. The non-inverting input I also toggles 
between 0 and 3.3V, but is inverted compared with the invert 
ing input. 
0054 FIG. 4B is a timing diagram 402 that depicts invert 
ing and non-inverting outputs for the over-drive mode accord 
ing to an embodiment of the present disclosure. A non-invert 
ing output is designated as Z and an inverting output is 
designated as ZN. 
0055 For the over-drive mode, a non-inverting input value 
at 3.3V corresponds to a non-inverting output value of 3.3V 
and a non-inverting input value at OV corresponds to a non 
inverting output value of 1.8V. Thus, the outputs follow along 
with the inputs and toggle between 1.8V and 3.3V. 
0056 FIG. 5 is a graph 500 illustrating non-inverting 
inputs and outputs for the level shifter 200 of FIG. 2 for an 
under-drive mode according to an embodiment of the present 
disclosure. The middle supply voltage (VDDM) is at about 
OV for the under-drive mode. 
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0057 Line 501 depicts a non-inverting output Z compared 
with a non-inverting input I. An X-axis depicts the non-invert 
ing input I increasing from Zero V and a y-axis depicts the 
non-inverting output Zincreasing from Zero V. As the input I 
changes from Zero to 1.8V, the output Z changes with the 
input from Zero to 1.8V. 
0058. The graph. 500 includes a near ground transition 
portion 502 where the input signal I is less than a lower limit 
or threshold value, designated as Vth in the drawing and 
shown as a dashed line. The lower limit or the threshold value 
Vth results from the transistor P41 and/or the transistor P43 of 
the non-inverting portion 210b, as described above in the 
dead Zone problem. The lower limit is proximate OV, and may 
be, for example, within a range of about 300 mV to about 500 
mV. The use of the cross latch output component 206, in 
particular the transistor N45, facilitates driving the output Z to 
values below the lower limit, including output values of zero. 
Thus, the level shifter 200 drives the output to a selected lower 
level when the input is lower than the lower limit. The invert 
ing output ZN and the inverting input IN operate in a Substan 
tially similar manner. 
0059 FIGS. 6A and 6B are timing diagrams and show 
inputs and outputs for the under-drive mode for the level 
Shifter 200 of FIG. 2. 
0060 FIG. 6A is a timing diagram 601 that depicts invert 
ing and non-inverting inputs for the under-drive mode accord 
ing to an embodiment of the present disclosure. A non-invert 
ing input is designated as I and an inverting input is 
designated as IN. The inverting input IN toggles between 0 
and 1.8V as shown. The non-inverting input I also toggles 
between 0 and 1.8V, but is inverted compared with the invert 
ing input IN. 
0061 FIG. 6B is timing diagram 602 that depicts inverting 
and non-inverting outputs for the under-drive mode according 
to an embodiment of the present disclosure. A non-inverting 
output is designated as Zand an inverting output is designated 
as ZN. 
0062 For the under-drive mode, a non-inverting input 
value at 1.8V generally corresponds to a non-inverting output 
value of 1.8V and a non-inverting input value at OV should 
correspond to a non-inverting output value of about OV. Thus, 
the outputs follow along with the inputs and toggle between 
1.8V and OV. 
0063. The outputs Zand ZN reach ground values or 0 due 
to the presence of the cross latch output component 206 in the 
level shifter 200. The diagram designates a lower limit or 
threshold, designated as Vth in FIG. 6B. The output signals Z 
and ZN would beat at the lower limit V that input signals I and 
IN having values of OV, but for the inclusion of the cross latch 
output component 206, including the transistors N45 and 
N46. 

0064 FIG. 7 is a flow diagram illustrating a method 700 of 
generating an output signal at upper and lower levels accord 
ing to an embodiment of the present disclosure. The method 
700 generates proper output values for multiple modes and 
mitigates or avoids dead Zone issues, even for output values 
below a lower limit, as described above. 
0065. At block 702, wherein an input signal is received. 
The signal can be inverting or non-inverting, such as the input 
signals I and IN, shown above. The input signal has a selected 
frequency and toggles or oscillates at the selected frequency. 
In one example, the selected frequency is up to 333 MHz. 
0.066 An output mode is selected at block 704. The output 
mode is selected from a plurality of modes, such as an over 
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drive mode, an under-drive mode, and the like. The selected 
mode indicates shifting for upper and lower levels of the 
output signal. The output mode can be indicated or selected 
by configuring the input signal and the middle supply VDDM. 
In one example, the input signal has values alternating 
between 1.8V and OV for an under-drive mode and alternating 
between 3.3V and OV for an over-drive mode. A middle 
power supply is at OV for the under-drive mode and 1.8V for 
the over-drive mode. 
0067 For the under-drive mode, the output signal is driven 
down to mitigate or avoid dead-zone issues at block 706. This 
occurs on the input signal being at or below a value that 
corresponds to an output value below the lower limit. Such as 
below about 300 to 500 mV. Without being driven down, the 
output signal would remainat the lower limit. A component, 
such as the cross latch output component 206 described 
above, can be utilized to modify the output signal for the 
under-drive mode. Thus, the output signal is provided having 
the selected upper and lower levels for the under-drive mode. 
In one example, the output signal for the under-drive mode 
oscillates between 0 and 1.8V, which are the proper levels, at 
the selected frequency and in response to the input signal. 
0068. The output signal is provided at the selected upper 
and lower levels for other modes at block 708. The other 
modes include the over-drive mode. In one example, the 
output signal for the over-drive mode oscillates between 1.8V 
and 3.3V, which are the proper levels for this mode, at the 
selected frequency in response to the input signal. 
0069. It will be appreciated that while reference is made 
throughout this document to exemplary structures in discuss 
ing aspects of methodologies described herein (e.g., the struc 
ture presented in above figures, while discussing the method 
ology set forth in FIG. 7), that those methodologies are not to 
be limited by the corresponding structures presented. Rather, 
the methodologies (and structures) are to be considered inde 
pendent of one another and able to stand alone and be prac 
ticed without regard to any of the particular aspects depicted 
in the Figs. 
0070 Also, equivalent alterations and/or modifications 
may occur to those of ordinary skill in the art based upon a 
reading and/or understanding of the specification and 
annexed drawings. The disclosure herein includes all Such 
modifications and alterations and is generally not intended to 
be limited thereby. For example, although the figures pro 
vided herein, are illustrated and described to have a particular 
doping type, it will be appreciated that alternative doping 
types may be utilized as will be appreciated by one of ordi 
nary skill in the art. 
0071. A level shifter system includes an inverting portion, 
a non-inverting portion and a cross latch output component. 
The inverting portion is configured to receive an inverting 
input, a Supply Voltage and to generate an intermediary invert 
ing output. The non-inverting portion is configured to receive 
a non-inverting input, the Supply Voltage and to generate an 
intermediary non-inverting output. The cross latch output 
component is configured to drive the intermediary inverting 
and non-inverting outputs to inverting and non-inverting out 
puts, respectively. The inverting and non-inverting outputs 
are at Selected upper and lower levels according to the invert 
ing input and non-inverting inputs, respectively. 
0072 Another lever shifter system is disclosed and 
includes an input node, an intermediary node, an output node, 
a first circuit, and a cross latch output component. The input 
node is configured to receive an input signal. The intermedi 
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ary output node is configured to provide an intermediary 
output. The output node is configured to provide an output 
signal. The first circuit is coupled to the input node and the 
intermediary output node. The first circuit is configured to 
generate the intermediary output in response to the input 
signal. The cross latch output component is coupled to the 
intermediary output node and the output node. The cross latch 
component is configured to drive the intermediary output to 
the output signal. 
0073. A method of operating a level shifter is disclosed. 
An input signal is received. A level shifter mode is selected 
from an over-drive mode and an under-drive mode. The out 
put signal is modified to provide output values below a thresh 
old value. The output signal is generated. 
0074. While a particular feature or aspect may have been 
disclosed with respect to only one of several implementa 
tions, such feature or aspect may be combined with one or 
more other features and/or aspects of other implementations 
as may be desired. Furthermore, to the extent that the terms 
“includes”, “having”, “has”, “with, and/or variants thereof 
are used herein, such terms are intended to be inclusive in 
meaning—like “comprising.” Also, “exemplary' is merely 
meant to mean an example, rather than the best. It is also to be 
appreciated that features, layers and/or elements depicted 
herein are illustrated with particular dimensions and/or ori 
entations relative to one another for purposes of simplicity 
and ease of understanding, and that the actual dimensions 
and/or orientations may differ substantially from that illus 
trated herein. 

What is claimed is: 
1. A level shifter system comprising: 
an inverting portion configured to receive an inverting 

input and a Supply Voltage and to generate an interme 
diary inverting output; 

a non-inverting portion configured to receive a non-invert 
ing input and the middle Supply and to generate an 
intermediary non-inverting output; and 

a cross latch output component configured to drive the 
intermediary inverting and non-inverting outputs to 
inverting and non-inverting outputs, respectively, the 
inverting and non-inverting outputs being at selected 
upper and lower levels according to the inverting input 
and non-inverting input, respectively. 

2. The system of claim 1, wherein the inverting portion 
includes a PMOS transistor connected between the inverting 
input and the non-inverting output, wherein the PMOS tran 
sistor has a threshold value. 

3. The system of claim 2, wherein the cross latch output 
component is configured to mitigate a dead-Zone effect from 
the PMOS transistor at the inverting output. 

4. The system of claim 1, wherein the non-inverting input 
toggles between a first Voltage and a second Voltage in a first 
mode. 

5. The system of claim 4, wherein the non-inverting output 
toggles between a third Voltage and the second Voltage in the 
first mode, wherein the third voltage is less than the second 
Voltage. 

6. The system of claim 5, wherein the non-inverting input 
toggles between the first Voltage and the third voltage in a 
second mode. 

7. The system of claim 6, wherein the non-inverting output 
toggles between the first Voltage and the third Voltage in the 
second mode. 
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8. The system of claim 1, wherein the cross latch compo 
nent includes a pair of cross latched NMOS transistors. 

9. The system of claim 1, wherein the cross latch output 
component includes a first NMOS transistor and a second 
NMOS transistor, wherein a gate of the second NMOS tran 
sistor is connected to the intermediary inverting output, a 
drain of the second NMOS transistor is connected to the 
non-inverting output, and a source of the second NMOS 
transistor is connected to a source of the first NMOS transis 
tor, and wherein a gate of the first NMOS transistor is con 
nected to the intermediary non-inverting output and a drain of 
the first NMOS transistor is connected to the inverting output. 

10. The system of claim 1, wherein the cross latch output 
component is configured to output values of the inverting and 
non-inverting outputs to be below a lower limit of the invert 
ing and non-inverting portions in response to at least some 
input values of the inverting and non-inverting inputs. 

11. The system of claim 1, wherein the non-inverting input 
has a value corresponding to a value of the non-inverting 
output below a threshold limit, wherein the threshold limit is 
a function of the non-inverting portion. 

12. A level shifter system comprising: 
an input node configured to receive an input signal; 
an intermediary output node configured to provide an inter 

mediary output; 
an output node configured to provide an output signal; 
a first circuit coupled to the input node and the intermediary 

output node, wherein the circuit portion is configured to 
generate the intermediary output in response to the input 
signal; and 

across latch output component coupled to the intermediary 
output node and the output node, wherein the cross latch 
component is configured to drive the intermediary out 
put to the output signal. 

13. The system of claim 12, wherein the cross latch output 
component modifies the output signal during a near ground 
transition portion of an under-drive mode. 
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14. The system of claim 12, wherein the cross latch output 
component passes the intermediary output as the output sig 
nal during an over-drive mode. 

15. The system of claim 12, wherein the input signal has a 
first range of Voltages for a first mode and a second range of 
Voltages for a second mode. 

16. The system of claim 15, wherein the first range of 
Voltages is between a first Voltage and a second Voltage and 
the second range of Voltages is between the first Voltage and 
a third voltage, wherein the second Voltage is less than the 
third Voltage. 

17. The system of claim 15, wherein the first circuit is 
configured to generate the intermediary output to a lower 
limit in response to a value of the input signal at a first value 
and the cross latch component is configured to drive the 
output signal to a lower level, wherein the first value is less 
than the lower limit and the lower level is below the lower 
limit. 

18. The system of claim 17, wherein the lower limit is 
dependent upon a PMOS transistor of the first circuit. 

19. A method of operating a level shifter, the method com 
prising: 

receiving an input signal; 
selecting one of a first mode and a second mode; 
on the selected mode being the first mode, modifying the 

output signal to provide output values below a threshold 
value; and 

generating an output signal. 
20. The method of claim 19, wherein modifying the output 

signal is performed using a cross latch output component. 
21. The method of claim 19, wherein the output signal has 

values of between a first voltage and a second Voltage for the 
second mode and has values between the second Voltage and 
a third voltage for the first mode, wherein the third voltage is 
more than the second Voltage. 

k k k k k 


