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(57) ABSTRACT 

A hold circuit for holding a digital switch, having an input 
and an output, at the level of the last driven state substan 
tially independently of the output impedance of a circuit 
driving the digital switch. The hold circuit includes an 
inverter having an input connected to the output of the 
digital switch and having an output, and a variable resistor 
having a port connected to the output of the inverter and 
having a port connected to the input of the digital switch. 

In a preferred embodiment, a bus-hold integrated circuit 
servicing Insulated Gate FET digital switches can be oper 
ated from either of two distinct ranges of supply voltage 
(Vcc). The magnitudes of the holding currents for the higher 
range of Vcc are nearly the same as those for the lower range 
of Vcc. This characteristic is achieved by changing the 
resistance in the feedback path of the bus-hold circuit 
according to the applied Vcc. Resistance is increased by 
turning off wider channel IGFETs that are connected in 
parallel with narrower channel IGFETs when the higher 
range of Vcc is applied. When the lower range of Vcc is 
applied the wider channel IGFETs are switched on and the 
resistance of the holding current path is decreased in pro 
portion to the decrease in Vcc. 
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VCC-COMPENSATED BUS-HOLD CIRCUIT 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of hold 
circuits, such as bus-hold circuits. More particularly, it 
relates hold circuits that may be used With power supplies of 
differing supply voltage. 

BACKGROUND OF THE INVENTION 

[0002] An IGFET circuit used as a digital sWitch can be 
left With a ?oating input either by design or in bus applica 
tions When all devices driving the bus are in 3-state. In this 
state the transistors on both sides of the driving circuits are 
turned off leaving them With high output impedance. A 
?oating input of an IGFET circuit alloWs the capacitance of 
the IGFET gate to gradually charge. If the gate is suf?ciently 
charged, the resulting voltage on the gate causes static 
current to ?oW through the IGFET, causing Wasted poWer 
dissipation. Further, if the gate voltage rises even further, it 
can reach a certain threshold Where a more serious conse 

quence can occur. In the Worst case condition, it can draW 
enough current from the supply to ground to destroy the 
metal lead and render the device useless. 

[0003] Initially, external static pull-up or pull-doWn resis 
tors Were used to prevent ?oating of unused gates. These 
static resistors connect the gate either to the supply voltage, 
Vcc, or ground, but still cause Wasted poWer dissipation. For 
bus applications Where a bus driver must drive the input, 
bus-hold circuits have been developed. The function of a 
bus-hold circuit is to hold the input of the digital sWitch, i.e., 
the gate of the IGFET, to the state previously set by the bus 
driver. The hold must be strong enough to prevent the input 
from ?oating (charging) but Weak enough to alloW the input 
to be driven by the bus driver. Initially, these Were eXternal 
circuits. NoW bus-hold circuits are integrated into the IGFET 
(including CMOS) digital IC. 
[0004] In the knoWn art, a bus-hold circuit is a digital 
signal feedback path from the output of a digital sWitch to its 
input, consisting of an inverter and a current-limiting resis 
tor. The purpose of the feedback is to hold the input to its last 
driven state until it is driven to the alternate state. 

[0005] Current ?oWs through the resistor only during the 
sWitching period When, due to propagation delays, there is a 
voltage difference betWeen the output of the inverter and the 
input of the digital sWitch. Since voltage drops across the 
resistor occur only for brief intervals during state changes, 
bus-hold circuits signi?cantly reduce the poWer dissipation. 

[0006] The holding current through the resistor becomes 
the critical parameter for poWer dissipation by a bus-hold 
circuit. The magnitude of the holding current depends upon 
the values of the resistor and Vcc. If the bus-hold circuit is 
used With a higher value of Vcc then the magnitude of the 
hold override current is proportionately higher and the 
circuit dissipates more poWer in proportion to the square of 
the current. 

[0007] Historically, the values of Vcc for digital sWitches 
on IGFET integrated circuits have decreased as the state of 
the technology progresses. For CMOS, they have dimin 
ished from 5V to 3.3V, to 2.5V and to 1.8V. It is likely that 
this progression to still loWer values of Vcc Will continue. 
An important bene?t of evolving the technologies to operate 
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from a loWer value of Vcc is that the magnitudes of the hold 
override currents also are reduced. That loWers the poWer 
consumption of the bus-hold circuit. This evolution to loWer 
Vcc creates the need for bus-hold circuits that can operate at 
tWo different values of Vcc so it can be used With either 
version of the technology. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a hold circuit for 
holding a digital sWitch, having an input and an output, at the 
level of the last driven state substantially independently of 
the output impedance of a circuit driving the digital sWitch. 
The hold circuit includes an inverter having an input con 
nected to the output of the digital sWitch and having an 
output, and a variable resistor having a port connected to the 
output of the inverter and having a port connected to the 
input of the digital sWitch. 

[0009] In accordance With a preferred embodiment of the 
present invention, a Vcc-compensated bus-hold circuit is 
provided that can operate from either of tWo adjacent values 
of Vcc Without increasing the holding currents at the higher 
value of Vcc. This duality in circuit behavior results from 
introducing a variable resistor (Whose resistance depends on 
Which of the tWo values of Vcc is applied) betWeen the 
bus-hold inverter and the current limiting resistor. The 
dual-valued variable resistor is implemented using tWo 
transistors of different strengths connected in parallel. The 
transistor With the smaller channel Width and therefore 
higher resistance is biased on continuously. When the loWer 
value of Vcc is applied, the transistor With the larger channel 
Width and therefore loWer resistance is also turned on and 
the parallel combination has a loWer resistance. When the 
higher value of Vcc is applied, the transistor With the larger 
channel Width is turned off and the parallel combination then 
has a higher resistance. A bias circuit With Vcc as input 
supports the operation of this embodiment. This bias circuit 
uses the Vcc value to control the state (ON or OFF) of that 
transistor in the parallel pair that has the larger channel 
Width. If the loWer value of Vcc is applied then the transistor 
With the larger channel Width is turned on and the resistance 
is loWered. If the higher value of Vcc is applied then that 
transistor is turned off and the resistance is increased to a 
value that keeps the magnitudes of the holding currents 
approximately the same as for the loWer value of Vcc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 
[0011] FIG. 2 shoWs an eXample of a prior art bus-hold 
circuit implemented in CIGFET technology. 

FIG. 1 illustrates a prior art bus-hold circuit. 

[0012] FIG. 3 is a graph of the typical holding current 
characteristics of a prior art bus-hold circuit. 

[0013] FIG. 4 illustrates a ?rst preferred embodiment of 
the present invention. 

[0014] FIG. 5 illustrates a second preferred embodiment 
of the present invention, in a CIGFET digital sWitch IC. 

[0015] FIG. 6 shoWs a third preferred embodiment of the 
present invention. 

[0016] FIG. 7 illustrates the variation in holding currents 
of a preferred embodiment, for various conditions. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] FIG. 1 illustrates a known art bus-hold circuit 
consisting of an inverter 11 and a resistor 13 that are 
connected in series from the output to the input of an IGFET 
sWitch 10. If the input 14 is in a loW state then the output 15 
is in a high state. This puts the output of inverter 11 in a loW 
state, and resistor 13 becomes a pull-doWn resistor With 
current ?owing through it only during the sWitching period 
When there is a voltage difference betWeen the output of 11 
and the input of 10. Conversely, When the input 14 is high, 
the output 15 is loW and the output of inverter 11 is high. In 
this state, resistor 13 is a pull-up resistor and current ?oWs 
through it only during the sWitching period When there is a 
voltage difference betWeen the output of 11 and the input of 
10. Since voltage drops across resistor 13 occur only for 
brief intervals during state changes, as mentioned above 
bus-hold circuits signi?cantly reduce the poWer dissipation. 

[0018] FIG. 2 illustrates a Complementary IGFET (CIG 
FET) implementation of the knoWn art bus-hold circuit 16. 
CMOS is a special case of the more general class of CIGFET 
circuits. CIGFET transistor pair 17 & 18 forms the inverter 
of the bus-hold circuit. The digital sWitch 3 is also a pair of 
CIGFET transistors 19 & 20. 

[0019] FIG. 3 is a graphical plot of input current (IIN) 
versus input voltage (VIN) that characteriZes the operation of 
a typical bus-hold circuit. 

[0020] Referring noW also to FIG. 1, IIN is de?ned as the 
current that ?oWs from the output of the inverter through 
resistor 13 to the digital sWitch input 14. When the input is 
in the loW state, VIN<VTHL (the threshold voltage at Which 
the output of digital sWitch 10 remains in the high state). As 
the voltage at the input is driven from Zero toWard VTHL the 
value of IIN sloWly begins to fall from Zero toWard ILHO, the 
loW hold override current (also called the holding current, 
IHOLD) Near VIN=ZGIO, the magnitude of the current is set by 
the value of resistor 13 (or 23, FIG. 2), and by the voltage 
difference betWeen the input 14 (or 24, FIG. 2) and the 
output of inverter 11. As VIN approaches VTHL, IIN reaches 
its maXimum negative value ILHO. Increasing VIN further 
strengthens the n-channel transistor and Weakens the p-chan 
nel transistor of the digital sWitch, identi?ed in FIG. 2 as 
transistors 20 and 19, respectively, thus forcing 15 (or 25, 
FIG. 2) to a loW state and the output of the bus-hold circuit 
to a high state. IIN reverses and rises rapidly until VIN 
reaches VTHH (the threshold voltage at Which the output of 
digital sWitch 10 remains in the loW state). At this point, IIN 
reaches its maXimum positive value IHHO the high hold 
override current. As VIN approaches Vcc, IIN falls back to 
Zero at a rate determined by the value of resistor 13 and the 
voltage difference betWeen the output of inverter 11 and the 
input 14 to the digital sWitch. As the input 14 is driven from 
a high state to a loW state, a similar process occurs as 

determined by this same IIN-VIN curve. 

[0021] Referring to FIG. 2, the magnitudes of the hold 
override currents (ILHO and IHHO) depend upon the values of 
resistor 23 and Vcc. Therefore, When the bus-hold circuit 16 
is used With a higher value of Vcc (for eXample, Vcc=5V, 
instead of VCC=3.3V), the magnitudes of the hold override 
currents are proportionately higher and more poWer is 
dissipated by the circuit. 
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[0022] FIG. 4 shoWs a bus-hold circuit according to a ?rst 
preferred embodiment of the present invention. A variable 
resistor 12 is provided in the bus-hold circuit betWeen the 
inverter output and the resistor 13‘, alloWing the circuit to be 
operated With either of tWo prescribed values of supply 
voltage (Vcc). The resistance of 12 sWitches betWeen tWo 
values according to the value of the applied Vcc. If the 
loWer value of Vcc is applied then 12 has the loWer value of 
resistance. If the higher value of Vcc is applied then 12 has 
the higher value of resistance. The holding currents, ILHO 
and IHHO, are thus made substantially independent of Which 
of the tWo values of Vcc is applied. 

[0023] FIG. 5 shoWs a bus-hold circuit according to a 
second preferred embodiment of the present invention, in a 
CIGFET bus-hold circuit. In a circuit of this type, the 
variable resistance is divided into tWo components, 31 and 
32. When Vcc is set at the higher value (VCCH), 31 and 32 
have higher resistance values. When Vcc is set at the loWer 
value (VCCL), they have loWer resistance values. 

[0024] FIG. 6, shoWs a third preferred embodiment of the 
present invention, Which is a further application of the 
principles of the present invention to a CIGFET bus-hold 
circuit, but With enhancements over the circuit shoWn in 
FIG. 5. In the circuit shoWn in FIG. 6, four CIGFET 
sWitches (MPL, MNL, MPH and MNH) implement the 
tWo-state variable resistors 31 and 32 shoWn in FIG. 5. The 
drains of the digital sWitch CIGFET pair MPS and MNS at 
the output 45 are connected to the input gates of the bus-hold 
inverter CIGFET pair MPB and MNB. The drains of MPB 
and MNB are tied together at the node 41 on the bus-hold 
side of a current-limiting resistor 43 through tWo CIGFET 
pairs MPL/MNL, MPH/MNH, connected in parallel. The 
opposite side of resistor 43 is connected to the input 44 of 
the digital sWitch. The sources of MPL and MPH are 
connected to the drain of MPB. The sources of MNL and 
MNH are connected to the drain of MNB. The drains of 
MPL, MPH, MNL and MNH are connected to the node 41. 
The source of MPB and the gate of MNH are connected to 
Vcc The source of MNB and the gate of MPH are connected 
to ground. The gate of MPL is connected to a ?rst bias 
source B1, While the gate of MNL is connected to a second 
bias source B2. 

[0025] A Vcc-dependent bias circuit provides the bias 
sources B1 and B2. This bias circuit has tWo outputs, B1 and 
B2, Where B1 and B2 have the folloWing characteristics: 

[0026] 1. If VCC=VccL then B1=0.0V and B2=Vcc 

[0027] 2. If vcc=vCCH then B1=vcc and B2=0.0V 

[0028] As mentioned above, the gate of MPL is connected 
to the bias circuit output B1, While the gate of MNL is 
connected to bias circuit output B2. 

[0029] Since B2 is, in a sense, the complement or inverse 
of B1, CIGFET MPL and CIGFET MNL are either turned on 
or turned off in unison. 

[0030] Transistors MPL and MNL are fabricated to have 
larger channel Widths than transistors MPH and MNH. Thus 
they provide a loWer resistance path for current When they 
are turned on. As such, their function can be considered in 
this conteXt to be, effectively, that of resistors. If the value 
of Vcc is at VCCL, then MPL and MNL are enabled. 
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[0031] This creates current paths through these tWo effec 
tive resistors. Resistor 31 is formed by the parallel combi 
nation of the loWer channel resistance of MPL and the higher 
channel resistance of MPH. Resistor 32 is formed by the 
parallel combination of the loWer channel resistance of MNL 
and the higher channel resistance of MNH. When Vcc is at 
VCCH, then MPL and MNL are sWitched off and the values 
of the effective resistors 31 and 32 become the higher 
channel resistances through MPH and MNH, respectively. 
This keeps the bus-hold currents for the higher value of Vcc 
approximately the same as those for the loWer value of Vcc. 
Thus, effective resistors 31 and 32 together comprise an 
effective variable resistor, Wherein the variability is con 
trolled by the sWitching on and off of MPL, MPH, MNL and 
MNH, as described above. 

[0032] FIG. 7 shoWs the results of a transistor-level 
SPICE simulation of the embodiment shoWn in FIG. 6 for 
the speci?c Vcc values: 3.0V and 4.5V. It shoWs tWo 
families of IIN-versus-VIN characteristic curves for a variety 
of transistor strengths and device temperature conditions. 
The family of curves on the left side of FIG. 7 (Which 
terminate in a common left end point and a common right 
end point) Were obtained for VCC=3.OV. The family of 
curves on the right side Were obtained for Vcc=4.5V. The 
curves in FIG. 7 shoW that in each case (I through V) of 
transistor strength and device temperature, the values of the 
hold override currents (ILHO and IHHO) for VCC=4.SV are 
very nearly the same as those for 3.0V. 

[0033] Although the present invention and its advantages 
have been described in detail, it should be understood that 
various changes, substitutions and alterations can be made 
herein Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. 

We claim: 
1. A hold circuit for holding a digital sWitch, said digital 

sWitch having an input and an output, at the level of the last 
driven state substantially independently of the output imped 
ance of a circuit driving said digital sWitch, said hold circuit 
comprising: 

an inverter having an input connected to said output of 
said digital sWitch and having an output; and 

a variable resistor having a port connected to the output of 
said inverter and having a port connected to the input 
of said digital sWitch. 

2. The hold circuit of claim 1 further comprising a ?xed 
resistor connected in series With said variable resistor 
betWeen the output of said inverter and the input of said 
digital sWitch. 

3. The hold circuit of claim 1, Wherein said digital sWitch 
is poWered by a poWer supply having a supply voltage, and 
Wherein the value of said supply voltage may be in either of 
tWo different ranges, further comprising a circuit for deter 
mining a resistance value of said variable resistor, said 
resistance value being determined by the value of the supply 
voltage that is applied to the hold circuit. 

4. Ahold circuit for holding a CIGFET digital sWitch, said 
CIGFET digital sWitch having an input and having an output 
and comprising a ?rst p-channel IGFET and a ?rst n-channel 
IGFET, at the level of its last driven state regardless of 
Whether the output impedance of the bus driver is high or 
loW, said hold circuit comprising: 
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a CIGFET inverter comprising a second p-channel IGFET 
having a gate, a drain and a source, said source being 
tied to a supply voltage, and a second n-channel IGFET 
having a gate, a drain and a source, said source being 
tied to ground, the gates of both of said IGFETs being 
driven by the output of the CIGFET digital sWitch; 

a ?rst variable resistor, connected betWeen the drain of 
said second p-channel IGFET and a ?rst port of a ?Xed 
resistor; 

a second variable resistor, connected betWeen the drain of 
said second n-channel IGFET and said ?rst port of said 
?Xed resistor; and 

a second port of said ?Xed resistor being connected to the 
input of said CIGFET digital sWitch. 

5. The hold circuit of claim 4, Wherein said CIGFET 
digital sWitch is poWered by a poWer supply having a supply 
voltage, and Wherein the value of said supply voltage may 
be in either of tWo different ranges, a higher range and a 
loWer range, further comprising: 

a ?rst circuit for determining a resistance value of said 
?rst variable resistor, said resistance value being deter 
mined by the value of the supply voltage that is applied 
to the hold circuit 

a second circuit for determining a resistance value of said 
second variable resistor, said resistance value being 
determined by the value of the supply voltage that is 
applied to the hold circuit. 

6. The hold circuit of claim 4, Wherein: 

said ?rst variable resistor is implemented by a pair of 
CIGFETs connected in parallel betWeen the drain of 
said second p-channel IGFET of said inverter and said 
?rst port of said ?Xed resistor, and 

said second variable resistor is implemented by a pair of 
CIGFETs connected in parallel betWeen the drain of 
said second n-channel IGFET of said inverter and said 
?rst port of said ?Xed resistor. 

7. The hold circuit of claim 6, Wherein said ?rst variable 
resistor comprises: 

a Wide p-channel IGFET having a source, a gate and a 
drain, said gate being tied to a ?rst bias input, 

a narroW p-channel IGFET having a source, a gate and a 
drain, said gate being tied to ground, 

the sources of both said Wide p-channel IGFET and said 
narroW p-channel IGFET being connected together at 
the drain of said second p-channel IGFET, and the 
drains of both said Wide p-channel IGFET and said 
narroW p-channel IGFET being connected together at 
said ?rst port of said ?Xed resistor. 

8. The hold circuit of claim 6, Wherein said second 
variable resistor comprises: 

a Wide n-channel IGFET having a source, a gate and a 
drain, said gate being tied to a second bias input, 

a narroW n-channel IGFET having a source, a gate and a 
drain, said gate being tied to said poWer supply, 

the sources of both said Wide n-channel IGFET and said 
narroW n-channel IGFET being connected together at 
the drain of said second n-channel IGFET, and the 
drains of both said Wide n-channel IGFET and said 
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narrow n-channel IGFET being connected together at 
said ?rst port of said ?xed resistor. 

9. The hold circuit of claim 7, Wherein: 

said Wide p-channel IGFET is turned on by said ?rst bias 
input When the applied supply voltage is in said loWer 
range of said supply voltage, and 

said Wide p-channel IGFET is turned off by said ?rst bias 
input When the applied supply voltage is in said higher 
range of said supply voltage. 
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10. The hold circuit of claim 8, Wherein: 

said Wide n-channel IGFET is turned on by said second 
bias input When the applied supply voltage is in said 
loWer range of said supply voltage, and 

said Wide n-channel IGFET is turned off by said second 
bias input When the applied supply voltage is in said 
higher range of said supply voltage. 

* * * * * 


