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MARGINING PIN INTERFACE AND CONTROL 
CIRCUIT 

FIELD OF THE INVENTION 

[0001] The present invention relates to voltage level con 
trol circuits, and is particularly directed to a voltage margin 
setting interface circuit having a single input pin, and being 
capable of programming a reference voltage level, such as 
may be supplied to an error ampli?er of a voltage regulator 
circuit of the poWer supply of a personal computer. 

BACKGROUND OF THE INVENTION 

[0002] The technique of varying the voltage to various 
controller integrated circuits is termed ‘poWer margining’. 
This technique has become increasingly important for the 
portable computer market, Where the processor voltage is 
controllably increased depending upon operational 
demands. For example, the poWer may be decreased during 
loW processing requirements, to result in a reduction in 
standby poWer. In a complementary manner, When there is 
a need for faster signal processing, for eXample, in graphics 
processing applications, processor speed must be increased 
to handle rapid or complex display changes. Associated With 
this increase in processor speed, the supply voltage is also 
increased to accommodate temporary high performance and 
poWer demands. On the other hand, When there is no need 
for speed, the poWer to the processor is reduced by Way of 
a loWer processor voltage, resulting in improved poWer 
supply economy. 

SUMMARY OF THE INVENTION 

[0003] With this objective in mind, the present invention 
is directed to a neW and improved poWer margining inter 
face, con?gured to provide on-demand adjustment of a 
reference voltage by Way of a single input pin. For this 
purpose, a current direction control circuit is coupled 
betWeen a single input pin and an output port from Which a 
controllably adjustable reference voltage is to be derived. In 
response to a ?rst input current state, the current direction 
control circuit causes a prescribed current to How in a ?rst 
direction through an output resistor that is coupled to the 
output port, so as to increase the output voltage relative to 
a prescribed reference voltage. Conversely, in response to a 
second input current state, the current direction control 
circuit causes a prescribed current to How in a second 
direction through the output resistor, so as to decrease the 
output voltage relative to the prescribed reference voltage. 

[0004] The current direction control circuit is imple 
mented by coupling the control or input voltage through an 
input resistor to a single operational ampli?er, Which is 
referenced to a voltage midWay betWeen the voltage range of 
the input voltage and having its output coupled to a pair of 
complementary polarity transistors, operating in their linear 
range. These transistors have their current ?oW paths 
coupled in series to the drive inputs of a ?rst pair of current 
mirror ampli?er stages, referenced to opposite polarity volt 
ages. 

[0005] The ?rst pair of current mirror ampli?ers have their 
mirrored current outputs cross-coupled to inputs of a second 
pair of current mirror ampli?ers, Whose mirrored current 
outputs are coupled to a common output node. This output 
node is coupled through a series resistor to a voltage 
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reference terminal to Which a prescribed reference voltage, 
such as that supplied by a digital-to-analog converter may be 
supplied. The output node may be coupled to an error 
ampli?er of a voltage regulator circuit of a personal com 
puter poWer supply, as described above. Variations in input 
current and thereby the voltage input to the operational 
ampli?er relative to its reference voltage are used to adjust 
the current mirrored current through the series output resis 
tor, so as to increase or decrease the output reference 
voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The single FIGURE illustrates the circuit con?gu 
ration of the voltage margin setting interface circuit in 
accordance With the invention. 

DETAILED DESCRIPTION 

[0007] An integrated circuit implementation of the cur 
rent-based voltage margin setting interface circuit in accor 
dance With a preferred embodiment of the present invention 
is shoWn in FIG. 1 as comprising an input port 11 to Which 
a voltage margin control voltage is supplied by Way of an 
input resistor 15. For purposes of providing a non-limiting 
parametric eXample, the control voltage may be varied 
betWeen a loWer voltage of Zero volts (or ground) and an 
upper voltage of 3.3 volts; it may also be open or set halfWay 
of the 0-3.3 volt voltage range, i.e., set at 1.65 volts. The 
current ?oW effects of these respective parameter settings 
Will be described beloW. 

[0008] The control voltage is converted to an input control 
current at input terminal 11 by an input scaling resistor 15, 
Which may be eXternal to the overall integrated circuit. Input 
port 11 is coupled to a current direction control circuit 
having an output 12 coupled to an output node 100. As 
pointed out brie?y above, and as Will be detailed beloW, for 
a ?rst input current state, the current direction control circuit 
is operative to cause a current the is proportional to the input 
current to How in a ?rst direction through an output resistor 
110 that is coupled to output node 10, so as to increase the 
output voltage at node 100 relative to a reference voltage 
supplied to a node 120. Conversely, in response to a second 
input current state, the current direction control circuit 
causes a current proportional to input current to How in a 
second direction through output resistor 110, so as to 
decrease the output voltage at node 100 relative to the 
reference voltage. 

[0009] To this end, input node 11 is coupled a ?rst, 
inverting (—) input 21 of an operational ampli?er 20, a 
second, non-inverting (+) input 22 of Which is coupled to a 
prescribed reference potential (e.g., 1.65 volts) . Input port 
11 is further coupled to a common node 35 betWeen a ?rst 
N-channel ?eld effect transistor (FET) 30 and a second 
P-channel FET 40. Coupling input port 11 to node 35 
betWeen the tWo complementary polarity channel FETs 
alloWs current to How either into or out of input port 11. 
(While transistors 30 and 40 are shoWn as ?eld effect 
devices, it is to be understood that alternative equivalent 
devices, such as bipolar components, may be employed in 
place thereof, Without a loss in generality.) 

[0010] Operational ampli?er 20 has its output 23 coupled 
to control or gate inputs 31 and 41, respectively, of the FETs 
30 and 40, the source-drain paths of Which are coupled in 
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series between the input 61 of a ?rst current mirror ampli?er 
(CMA) 60, Which is referenced to a voltage rail 65, Which 
is coupled to ground and the input 71 of a second CMA 70, 
Which is referenced to a positive voltage rail 75. Current 
mirror ampli?ers are highly accurate and precisely re?ect 
their input current. As a non-limiting example, the current 
mirror ampli?ers may be con?gured as a classical Wilson 
current mirror, or that described in the US. Patent to 
Wittlinger, US. Pat. No. 3,835,410. Also the input/output 
ratios of the current mirrors may be 1:1. 

[0011] CMA 60 has its mirrored current output 62 cross 
coupled to the input 81 of a third CMA 80, Which is 
referenced to the positive voltage rail 65, While CMA 80 has 
its mirrored current output 82 cross-coupled to the input 91 
of a fourth CMA 90, Which is referenced to the ground 
voltage rail 65. CMAs 80 and 90 have their respective 
mirrored current outputs 82 and 92 tied to a common output 
node 100. Output node 100 is coupled through a series 
resistor 110 to a voltage reference terminal 120. The voltage 
reference terminal is coupled to receive a prescribed refer 
ence voltage, such as that supplied by a digital-to-analog 
converter 130. The output node 100 may be coupled to an 
error ampli?er of a voltage regulator circuit of a personal 
computer poWer supply, as described above. 

[0012] The voltage margin setting interface circuit of the 
FIGURE operates as folloWs. Operational ampli?er 20 is 
connected as a current converter, referenced to a voltage 
midWay of the voltage range of the input control voltage 
Which, in the present eXample is 0-3.3 V, so that the 
reference voltage is 1.65 volts, as described above. For a ?rst 
(inactive) state, Where there is to be no departure in output 
voltage from the voltage supplied by voltage reference 130, 
the input voltage can be either open, or coupled to receive, 
the 1.65 reference voltage supplied that is coupled to the 
non-inverting (+) input 22 of the operational ampli?er 20. 
For either of these input conditions, the output 23 of the 
operational ampli?er 20 is at Zero volts and neither MOS 
FET 30 nor MOSFET 40 is active. As a result, no current is 
mirrored by the current mirror ampli?er stages, so that no 
current is injected into or draWn out of node 100 by the 
current mirror ampli?er stages. As a consequence, the volt 
age at output node 100 is at the reference voltage (DAC) 
130. 

[0013] To controllably increase the voltage at output node 
100 to a value above the reference voltage at node 130, a 
relatively high input voltage, namely, a voltage greater than 
the (+1.65 V) reference voltage coupled to the (+) input port 
22 (e.g., +3.3 volts) is applied to input port 11, and thereby 
to the (—) input 21 of the operational ampli?er 20. In 
response thereto, the output 23 of operational ampli?er 20 
goes negative by a value that is proportional to the input 
current through input resistor 15, Which drives the P-channel 
FET 40 active, While the N-channel FET 30 is inactive. With 
P-channel FET 40 active, current ?oWs from the input port 
11 through the source-drain path of P-channel FET 40 and 
into the input port 61 of CMA 60. CMA 60 mirrors this input 
current as a current ?oWing into output 62 port. With output 
port 62 of CMA 60 being coupled to the input port 81 of 
CMA 80, this current ?oWs out of the input port 81 of CMA 
80. The output port 82 of CMA 80 thereby mirrors this 
current as a positive current ?oWing out of its output 82, 
Which is coupled to the output port 12, and thereby into 
output resistor 110. With the direction of current ?oW being 
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into the output resistor 110, the voltage at output node 100 
Will be increased to a value corresponding to the reference 
voltage at node 120 plus an incremental or fractional voltage 
value de?ned by the product of the mirrored current and the 
value of the output resistor 110. 

[0014] In a complementary manner, to controllably 
decrease the voltage at output node 100 to a value beloW the 
reference voltage at node 130, a relatively loW input voltage, 
namely, a voltage less than the (+1.65 V) reference voltage 
coupled to the (+) input port 22 (e.g., Zero volts) is applied 
to input port 11, and thereby to the (—) input 21 of the 
operational ampli?er 20. In response thereto, the output 23 
of operational ampli?er 20 goes high or positive by a value 
proportional to the input current through input scaling 
resistor 15, activating N-channel FET 30, While P-channel 
FET 40 is deactivated. This causes current to How out of the 
input port 71 of CMA 70 through the drain-source path of 
N-channel FET 30 and into the input port 11. CMA 70 
mirrors this current ?oWing out of its input port 71 as a 
current ?oWing out of its output port 72. Since CMA output 
port 72 is coupled to input port 91 of CMA 90, the latter 
mirrors the current ?oWing into its input port 91 as an output 
current ?oWing into its output port 92. With output 92 of 
CMA 90 coupled to output port 12, and thereby to output 
resistor 110, a current noW ?oWs out of node 120, through 
resistor 110 and from node 110 into output port 92 of CMA 
90. With the direction of current ?oW noW being out of the 
output resistor 110, the voltage at output node 100 Will be 
decreased to a value corresponding to the reference voltage 
at node 120 minus an incremental or fractional voltage value 
de?ned by the product of the mirrored current and the value 
of the output resistor 110. 

[0015] As Will be appreciated from the foregoing descrip 
tion, via a single input or control pin, the voltage margin 
setting interface circuit of the invention provides for the 
incremental programming (increase or decrease) of a posi 
tive and negative voltage level relative to a reference volt 
age, and thereby adjusts the magnitude of the reference 
output voltage. As the invention alloWs the reference voltage 
to be adjusted on demand to either a higher or loWer value, 
it is readily suited to the supply and adjustment of a 
reference voltage supplied to an error ampli?er of a voltage 
regulator circuit of the poWer supply of a personal computer. 

[0016] While I have shoWn and described an embodiment 
in accordance With the present invention, it is to be under 
stood that the same is not limited thereto but is susceptible 
to numerous changes and modi?cations as knoWn to a 
person skilled in the art. I therefore do not Wish to be limited 
to the details shoWn and described herein, but intend to 
cover all such changes and modi?cations as are obvious to 
one of ordinary skill in the art. 

What is claimed: 
1. A circuit for providing a controllable reference voltage 

comprising: 
an input port to Which an input current is coupled; 

an output port coupled through an output resistor to a 
terminal coupled to receive a prescribed voltage; and 

a current direction control circuit, coupled betWeen said 
input and output port and operative, in response to a 
?rst input current state, to cause a prescribed current to 
How in a ?rst direction through said output resistor so 
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cause said output port to produce an increased output 
voltage and, in response to a second input current state, 
to cause a prescribed current to How in a second 
direction through said output resistor so cause said 
output port to produce a decreased output voltage. 

2. The circuit according to claim 1, Wherein said current 
direction control circuit is operative, in response to said ?rst 
input current state, to cause a voltage developed across said 
output resistor to constructively combine With said pre 
scribed voltage and thereby produce said increased output 
voltage and, in response to said second input current state, 
to cause a voltage developed across said output resistor to 
destructively combine With said prescribed voltage and 
thereby produce said decreased output voltage. 

3. The circuit according to claim 1, Wherein said current 
direction control circuit comprises: 

an operational ampli?er having an input coupled to said 
input port and an output; 

a ?rst current mirror circuit referenced to a ?rst voltage 
and having an input and an output; 

a second current mirror circuit referenced to a second 
voltage and having an input and an output; 

a third current mirror circuit referenced to said ?rst 
voltage and having an input and an output; 

a fourth current mirror circuit referenced to said second 
voltage and having an input and an output; 

?rst and second transistor devices having current ?oW 
paths therethrough coupled in series betWeen the input 
of said ?rst current mirror circuit and the input of said 
second current mirror circuit, and Wherein control ports 
of said ?rst and second transistor devices are coupled to 
the output of said operational ampli?er; and Wherein 

the outputs of said ?rst and second current mirror circuits 
are coupled to the inputs of said third and fourth current 
mirror circuits; and 

the outputs of said third and fourth current mirror circuits 
are coupled to said output port; 

Whereby said controllable reference voltage corresponds 
to said prescribed voltage and an offset de?ned by the 
product of the value of said output resistor and the 
value of output current supplied by one of said third and 
fourth current mirror circuits to said output port. 

4. The circuit according to claim 3, Wherein the input of 
said operational ampli?er is coupled to said current ?oW 
paths through said ?rst and second transistor devices. 

5. The circuit according to claim 3, Wherein the input of 
said operational ampli?er is coupled to a common connec 
tion of said ?rst and second transistor devices. 

6. The circuit according to claim 3, Wherein said ?rst and 
second transistor devices are complementary polarity tran 
sistor devices. 

7. The circuit according to claim 6, Wherein said reference 
potential is betWeen said ?rst and second voltages. 

8. The circuit according to claim 3, Wherein said current 
mirror circuits comprise current mirror ampli?ers. 
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9. A method of providing a controllably adjustable refer 
ence voltage comprising the steps of: 

(a) providing an input port; 

(b) providing an output port coupled through an output 
resistor to a terminal coupled to receive a prescribed 
voltage; and 

(c) controllably coupling an input current to said input 
port, such that for a ?rst direction of said input current 
?oW relative to said input port, a voltage is developed 
across said output resistor that constructively combines 
With said prescribed voltage and thereby produces an 
increased value of said reference voltage at said output 
port and, for a second direction of said input current 
?oW relative to said input port, a voltage is developed 
across said output resistor that destructively combines 
With said prescribed voltage and thereby produce a 
decreased value of said reference voltage. 

10. The method according to claim 9, Wherein step (c) 
comprises: 

(c1) coupling an input current to an operational ampli?er 
and to the current ?oW path of ?rst and second comple 
mentary transistor devices, that are coupled in series 
betWeen inputs of ?rst and second current mirror cir 
cuits referenced to respectively different voltages; 

(c2) coupling an output of said operational ampli?er to 
control inputs of said ?rst and second complementary 
transistor devices; 

(c3) coupling an output of one of said ?rst and second 
current mirror circuits to a third current mirror circuit 
referenced to one of said different voltages; 

(c4) coupling an output of another of said ?rst and second 
current mirror circuits to a fourth current mirror circuit 
referenced to another of said different voltages; and 

(c5) coupling outputs of said third and fourth current 
mirror circuits through a resistor to a prescribed volt 
age; 

Whereby said reference voltage corresponds to said pre 
scribed voltage and an offset de?ned by the product of 
the value of said output resistor and the value of output 
current supplied by one of said third and fourth current 
mirror circuits to said output port. 

11. The method according to claim 10, Wherein step (c1) 
comprises coupling said input of said operational ampli?er 
to a common connection of said ?rst and second transistor 
devices. 

12. The method according to claim 10, Wherein said ?rst 
and second transistor devices are complementary polarity 
?eld effect transistors. 

13. The method according to claim 10, Wherein the input 
of said operational ampli?er is coupled through a scaling 
resistor to an input voltage from Which said input current is 
produced. 

14. The method according to claim 10, Wherein said 
current mirror circuits comprise current mirror ampli?ers. 

* * * * * 


