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(57) ABSTRACT 

Various embodiments of a method for providing forward 
body bias (FBB) are disclosed. A ?rst diode element is 
forward biased to a ?rst voltage. A voltage proportional to 
the ?rst diode voltage is converted into a current. A current 
is mirrored through a second diode element to generate a 
second diode voltage. A constant FBB based upon the 
second diode voltage is generated and applied to each bulk 
terminal of ?eld effect transistors (FETs) of an integrated 
circuit die. 
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FORWARD BIAS A FIRST DIODE ELEMENT TO 
A FIRST DIODE VOLTAGE 

M 

I 
CONVERT A VOLTAGE PROPORTIONAL TO 

THE FIRST DIODE VOLTAGE INTO A CURRENT 
£13 

I 
MIRROR THE CURRENT THROUGH A SECOND 
DIODE ELEMENT TO GENERATE A SECOND 

DIODE VOLTAGE 
$2. 

I 
GENERATE A CONSTANT FBB BASED ON THE SECOND 
DIODE VOLTAGE AND APPLY THE FBB TO EACH BULK 
TERMINAL OF AT LEAST SOME FETS IN A FUB OF AN 

IC die 
M 

FIG. 3 
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FORWARD BODY BIAS GENERATION CIRCUITS 
BASED ON DIODE CLAMPS 

BACKGROUND 

[0001] This invention is generally related to the generation 
of a forward body bias (FBB) voltage for ?eld effect 
transistors (FETs), and particularly to robust generation 
circuits that maintain a constant FBB despite variations in 
the manufacturing process, the operating temperature, and 
supply voltage. 
[0002] ForWard body biasing reduces process induced 
variations in short channel ?eld effect transistors (FETs). 
N-channel FETs (NFETs) have sources, drains, and bodies 
(also knoWn as bulks) With voltages Vsource, Vdrain, and 
Vbody. N-channel metal oxide semiconductor ?eld effect 
transistors (NMOSFETs) are examples of NFETs. NFETs 
are Zero body biased When Vbody=Vsource, reverse body 
biased When Vbody<Vsource, and forWard body biased 
When Vbody>Vsource. The amount of FBB for NFETs is 
measured by Vbody-Vsource, Which equals Vbody When 
Vsource is at ground on a return line voltage (sometimes 
referred to as Vss). P-channel FETs (PFETs) have sources, 
drains, and bodies With voltages Vsource, Vdrain, and 
Vbody. P-channel metal oxide semiconductor ?eld effect 
transistors (PMOSFETs) are examples of PFETs. PFETs are 
Zero body biased When Vbody=Vsource, reverse body 
biased When Vbody>Vsource, and forWard body biased 
When Vbody<Vsource. The amount of FBB for PFETs is 
measured by Vsource-Vbody, Which equals Vcc-Vbody in 
cases Where Vsource is at the poWer supply line voltage Vcc 
(sometimes referred to as Vdd). 

[0003] The threshold voltage (Vt) of a PET decreases as 
the FET becomes more forWard biased and increases as the 
FET becomes less forWard biased or more reverse biased. 
The leakage of a PET increases as the FET becomes more 
forWard biased and decreases as the FET becomes less 
forWard biased or more reverse biased. 

[0004] Circuits that provide stable voltage references 
independent of manufacturing process, poWer supply volt 
age and operating temperature are needed for many appli 
cations, including accurate FBB generation. In applications 
such as FBB generation in CMOS ICs, a complimentary pair 
of FBB reference voltages often needs to be provided, Where 
one is measured With respect to the poWer supply voltage 
(e.g. Vdd or Vcc) and the other is measured With respect to 
the poWer return voltage (Vss or ground). The voltage With 
respect to Vdd, called Vrefc, is applied to a PFET Whereas 
the voltage With respect to Vss, called Vrefs, is applied to an 
NFET. Thus, for a PFET Whose source is shorted to Vdd, a 
FBB of approximately 0.4 Volts is obtained by setting the 
bulk terminal of the device to Vrefc Which is 0.4 Volts less 
than Vdd. In the same Way, for an NFET Whose source is 
shorted to Vss, the FBB of 0.4 Volts is applied by setting the 
bulk terminal to Vrefs Which is 0.4 Volts greater than Vss. 

[0005] Among the techniques available for realiZing a 
voltage reference are the use of Zener diodes, the use of the 
difference in threshold voltage betWeen enhancement and 
depletion FETs, and bandgap-based circuits. The ?rst tWo 
methods are not suitable for complex, advanced integrated 
circuits (ICs) because the breakdoWn voltage of the Zener 
diode is signi?cantly higher than the supply voltages used to 
operate such ICs. Depletion FETs may not be available in 
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complimentary metal oxide semiconductor (CMOS) IC fab 
rication processes. Because of these limitations, bandgap 
circuits are used extensively. Although bandgap reference 
circuits are extremely accurate, they are complex and 
demand considerable design time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The invention is illustrated by Way of example and 
not by Way of limitation in the ?gures of the accompanying 
draWings in Which like references indicate similar elements. 
It should be noted that references to “an” embodiment in this 
disclosure are not necessarily to the same embodiment, and 
they mean at least one. 

[0007] FIG. 1 shoWs a block diagram of a central bias 
generator according to an embodiment of the invention. 

[0008] FIG. 2 shoWs a central bias generator according to 
another embodiment of the invention. 

[0009] FIG. 3 illustrates a How diagram of operations that 
are performed in generating a forWard body bias, according 
to some embodiments of the invention. 

[0010] FIG. 4 depicts a circuit schematic of an embodi 
ment of the central bias generator. 

[0011] FIG. 5 depicts a circuit schematic of another 
embodiment of the central bias generator. 

[0012] FIG. 6 shoWs a circuit schematic of a central bias 
generator that may be suitable for biasing PFETs. 

[0013] FIG. 7 depicts a circuit schematic of a central bias 
generator suitable for biasing NFETs. 

DETAILED DESCRIPTION 

[0014] The embodiments of the central bias generator 
described beloW take advantage of the exponential current 
voltage (I-V) characteristic of the p-n junction diode. When 
the diode is forWard biased, also said to be conducting in the 
forWard direction or “turned on”, the diode voltage across its 
terminals may be clamped to essentially any voltage of 
choice, by biasing, in this case sinking or sourcing, an 
approximate current through the diode. Although variation 
in the bias current and operating temperature do affect the 
diode voltage, measurements shoW that the diode voltage 
varies only by approximately +/—14% With ?ve times varia 
tion in bias current, across an operating temperature ranging 
from 0 to 110 degrees centigrade. Thus, While the diode 
voltage may not be as accurate as a bandgap reference, the 
variation in the diode voltage appears to be Within tolerable 
limits for its use as a forWard body bias generator. Several 
embodiments of a central bias generator that incorporate a 
forWard biased diode, to obtain a FBB voltage, are described 
beloW. 

[0015] Referring ?rst to FIG. 1, an electrical system 
featuring a central bias generator (CBG) 104 according to 
some embodiments of the invention is shoWn in block 
diagram form. The term “central” is used here only in the 
sense that an output of the central bias generator may be 
essentially distributed to provide FBB, via one or more 
“local” bias generators (LBGs) 108a and 108b, to a number 
of FETs in a functional unit block (PUB) 114. The CBG 104 
features a diode element 112 that de?nes a diode voltage Vd 
across its terminals. This diode element is forWard biased 
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using a current sink 114 that is connected in series With the 
diode element 112. In some embodiments, the current sink 
114 should be designed to provide an approximate current 
that does not vary by more than 3 to 5 times across process, 
supply voltage, and operating temperature variations. The 
anode terminal of the diode element 112 is shorted to a 
poWer supply line 142 (labeled Vdd) Whereas the current 
sink 114 has its loWer terminal shorted to a poWer return line 
144 (labeled Vss). An ampli?er 118 has an input coupled to 
receive the diode voltage Vd and an output coupled to feed 
a current mirror 121. The current mirror is coupled to sink 
a mirrored current Im through a second diode element 126 
to generate a second diode voltage Vd2. The second diode 
voltage is fed, either directly or through a buffer for greater 
fanout, to a number of local bias generators (LBGs) 108a 
and 108b Which provide a constant FBB to each bulk 
terminal of at least some of the FETs in the PUB 114. 

[0016] AFUB is any group of circuitry (on one or more IC 
dies) that is designed to impart a certain logic or mixed 
signal (analog/digital) functionality to the electrical system. 
The FUB may be manufactured using an entirely CMOS 
process in Which all of the active devices are FETs, or it may 
alternatively be manufactured using a Bipolar-MOS process 
in Which other transistors in addition to FETs are also 
provided. In general, there is some ?exibility in the physical 
placement of the CBG, LBGs, and FUlBs. In most advanced 
CMOS ICs, hoWever, all three components are most likely 
to be formed on the same IC die for loWer cost and better 
performance. 

[0017] The LBG 108 is designed to translate an input 
voltage received from the CBG 104 into a voltage that is 
applied to the bulk terminal of PFETs. The LBG 108 may 
range from a simple buffer or a ?xed loW impedance path 
(such as a Wire) that duplicates the input voltage at its output, 
to much more complex signal conditioning circuitry that 
may include scaling and/or level shifting of the input into a 
desired level for a given FET. These more sophisticated 
types of LBGs may also be con?gured to operate With 
different supply voltages than the PUB 114. For instance, the 
CBG 104, the LBG 108, and the PUB 114 may all be 
operating under the same poWer supply voltage Vdd-Vss. 
Sometimes, hoWever, the FUB and the LBG may be 
designed to operate at a different poWer supply voltage than 
the CBG. In such a case, the LBG may serve to translate 
betWeen the poWer supply of the CBG 104 and that of the 
PUB 114, such that the correct FBB is provided to the 
desired FETs in the FUB. 

[0018] According to one embodiment, the ampli?er 118 
and current mirror 121 are designed such that Vd2 is 
approximately equal to 0.4 volts When Vdl is equal to a 
forWard diode voltage of 0.7 volts. To obtain such a value for 
Vd2, the ratio of Im/I may be set to less than 1 in the current 
mirror 121. As an alternative to scaling using the current 
mirror 121, the LBG 108 may be provided With scaling 
and/or level shifting circuitry to adjust the FBB that is 
actually applied to the bulk terminal of the FETs in the PUB 
114. 

[0019] Referring noW to FIG. 2, What’s shoWn is a block 
diagram of a CBG 204 Which is suitable for providing a FBB 
to the bulk of NFETs. An output voltage of the CBG 204 is 
Vd2 across a diode element 226 Whose cathode is, in this 
embodiment, shorted to the return line 144 (Vss). An LBG 
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208 provides the constant FBB to the bulk of NFETs in the 
PUB 114, in response to the input second diode voltage Vd2. 
Similar to the LBG 108, the LBG 208 may be a simple ?xed 
loW impedance path such as a Wire that merely duplicates 
Vd2 across the bulk-source terminals of the NFETs, or it 
may have signal conditioning circuitry including level shift 
ing and/or scaling. 

[0020] The CBG 204 may be vieWed as a complement of 
the CBG 104 in Which a current mirror 221 sources rather 
than sinks the mirrored current Im into the second diode 
element 226. An ampli?er 218 also receives as its input the 
?rst diode voltage Vdl Which appears across a ?rst diode 
element 212 and in response draWs a current I through the 
current mirror 221. The diode element 212 is forWard biased 
by a current source 214. The various alternatives that Were 
described above in connection With CBG 104 also apply to 
CBG 204 shoWn in FIG. 2. 

[0021] Turning noW to FIG. 3, a How diagram of opera 
tions performed in a process for generating a constant FBB 
are shoWn. These operations may be performed, for instance, 
using the electrical systems described above in FIGS. 1 and 
2. Operation begins With the forWard biasing of a ?rst diode 
element to a ?rst diode voltage (block 304). This biasing 
may be done using a current source/sink that, although may 
vary substantially, should not vary so much as to cause the 
resulting diode voltage to vary more than 15% else it Would 
probably be unsuitable for forWard body bias applications. A 
voltage proportional to this ?rst diode voltage is converted 
into a current (block 308). This may be done using an 
ampli?er that converts an input voltage into an output 
current. The current is then mirrored through a second diode 
element, to generate a second diode voltage (block 312). A 
constant FBB, based upon the second diode voltage, is then 
generated and applied to each bulk terminal of at least some 
FETs in a FUB of an IC die (block 316). In certain 
embodiments Where the FETs that receive the FBB have 
their source terminals shorted to either the poWer supply or 
poWer return lines, it may be more ef?cient to have the 
conversion and mirroring operations of 308 and 312 be 
con?gured such that the second diode voltage is essentially 
equal to the desired FBB (e.g. 0.4 volts) so that the constant 
FBB that is generated is essentially equal to the second diode 
voltage. In such an embodiment, the LBG 108 or 208 may 
be a ?xed loW impedance path such as a Wire, and the 
ampli?er 118/218 and current mirror 121/221 are designed 
such that Vd2 is smaller than Vdl. 

[0022] FIGS. 4 and 5 are circuit schematics of particular 
versions of the CBG 104 and 204, respectively. The CBG 
104 in FIG. 4 is based on a ?rst diode 312 and a current sink 
314, Whereas the CBG 204 in FIG. 5 is based on a ?rst diode 
512 and a current source 514. In both cases, the diode 
voltage is input to an ampli?er that includes, for CBG 104, 
PFET 318 and for CBG 204, NFET 518. The PFET 318 and 
NFET 518 are said to be common source con?gured ampli 
?ers Whose inputs are at their respective gates and Whose 
outputs are at their respective drains. A current mirror is 
made of NFETs 320 and 322 (corresponding to PFETs 520 
and 522 in CBG 204). In these embodiments, the second 
diode element is a diode connected transistor, PFET 326 for 
CBG 104 and NFET 526 for CBG 204. 
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[0023] One of ordinary skill in the art may show through 
standard circuit analysis that When the FETs in CBG 104 are 
long channel devices, the following equation may be 
derived: 

[0024] The ratio W1/W2 is the ratio of the siZe of the 
PFET 318 to that of PFET 326. N is the ratio of the output 
sink current to the input sink current of the current mirror 
formed by NFETs 320 and 322. Finally, Vt is the assumed 
threshold voltage of both PFETs 318 and 326 (although it is 
not necessarily true that the actual Vt for these tWo devices 
are equal). The equation thus gives a relationship betWeen 
the siZe of the PFET 318 and the diode connected PFET 326 
as Well as the doWnscaling ability of the current mirror, to 
yield a doWnscaling factor a that should be selected to 
generate the correct FBB, a*Vd. In this connection, n may 
be a positive integer that represents the ratio of the siZe of 
NFET 320 to that of NFET 322. A similar relationship 
betWeen the siZes of PFETs 520 and 522 and the NFET 518 
and diode connected NFET 526 may be derived by those of 
ordinary skill in the art for CBG 204 shoWn in FIG. 5. 

[0025] FIGS. 6 and 7 depict block diagrams of CBG 604 
and CBG 704, respectively, in Which the voltage provided to 
the local bias generators 108 and 208 is a level shifted 
version of the ?rst diode voltage Vd, rather than a doWn 
scaled version as in FIGS. 4 and 5. In these embodiments, 
the level shifting of the ?rst diode voltage Vd is accom 
plished using a common gate con?gured FET 618/718 
Whose gate is biased at a fraction of the supply voltage 
measured betWeen the supply line 142 and the return line 
144. In the particular embodiments shoWn, a voltage divider 
619/719 is provided Which yields an output voltage of 
(1—k)*Vdd Where k is a Whole fraction less than 1. An output 
of the common gate con?gured FET 618/718 is coupled to 
source/sink current into or from a current mirror 621/721. 
Once again, the output of the current mirror is coupled to 
sink/source a current through the second diode element, 
Which in this case is again a diode connected FET 626/726. 
The FET pairs 618/626 and 718/726 are matched, and the 
scaling factor of the current mirror is unity. One of ordinary 
skill in the art may derive the output voltage of the CBG 
604/704 as being substantially equal to Vd—k*Vdd Where k 
is as mentioned above, a Whole fraction less than 1. 

[0026] Some of the advantages of generating FBB using 
the different embodiments described above include the 
absence of complex and costly bandgap reference circuitry, 
the absence of external control signals needed to insure that 
the FBB remains basically constant, the ability of the 
circuitry particularly those shoWn in FIGS. 4-7 to Work With 
loW headroom, that is small supply voltages of 0.8 to 0.9 
volts, loW area overhead because of the relatively feW circuit 
components involved, as Well as reduced design complexity 
compared to prior art bandgap based forWard body bias 
generation schemes. The circuits of FIGS. 6 and 7 provide 
a further desirable feature of automatically increasing the 
output voltage (and hence the FBB) as the supply voltage 
drops. This feature of automatically increasing the FBB as a 
function of decreased supply voltage is useful for maintain 
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ing the sWitching speed of digital circuits as the supply 
voltage is reduced, by a reduction in the threshold voltage Vt 
Which results from the increased forWard body bias. 

[0027] To summariZe, various embodiments of a tech 
nique for generating forWard body bias using diode clamps 
have been described. In the foregoing speci?cation, the 
invention has been described With reference to speci?c 
exemplary embodiments thereof. It Will, hoWever, be evi 
dent that various modi?cations and changes may be made 
thereto Without departing from the broader spirit and scope 
of the invention as set forth in the appended claims. For 
instance, referring to the embodiments of FIGS. 6 and 7, the 
ampli?er circuitry that features the voltage divider 619/719 
and the common gate con?gured FET 618/718 may further 
include a high input impedance buffer 617/717 coupled 
betWeen the ?rst diode element and a drain of the common 
gate con?gured FET, to buffer the ?rst diode voltage. This 
alloWs the actual diode voltage to be more accurately 
predicted during the circuit design process. The speci?cation 
and draWings are, accordingly, to be regarded in an illus 
trative rather than a restrictive sense. 

What is claimed is: 
1. An electrical system comprising: 

a functional unit block (FUB) including ?eld effect tran 
sistors (FETs), each FET having source, drain, gate and 
bulk terminals; 

a central bias generator having a ?rst diode element, a 
current source/sink coupled in series With the ?rst diode 
betWeen a poWer supply line and a poWer return line to 
forWard bias the ?rst diode at a ?rst diode voltage, an 
ampli?er Whose input is coupled to receive the ?rst 
diode voltage and Whose output is coupled to feed a 
current mirror, the current mirror is coupled to source/ 
sink a mirrored current through a second diode element 
to generate a second diode voltage; and 

a plurality of local bias generators each being coupled to 
the second diode element to provide a constant forWard 
body bias (FBB), in response to the second diode 
voltage, to each bulk terminal of at least some of the 
FETs. 

2. The electrical system of claim 1 Wherein the ?rst and 
second diode elements are diode connected FETs. 

3. The electrical system of claim 1 Wherein the ampli?er 
includes a common source con?gured FET. 

4. The electrical system of claim 3 Wherein the current 
mirror is to source/sink the mirrored current by a scaling 
factor less than 1. 

5. The electrical system of claim 1 Wherein the current 
source/sink is a current sink and the current mirror is to sink 
the mirrored current. 

6. The electrical system of claim 5 Wherein the second 
diode element has one end shorted to the poWer supply line 
and another end from Which the mirrored current is sunk. 

7. The electrical system of claim 1 Wherein the plurality 
of local bias generators short an output of second diode 
element to each bulk terminal of at least some of the FETs. 

8. The electrical system of claim 1 Wherein the plurality 
of local bias generators provide the constant FBB by using 
a voltage level shift circuit to level shift the second diode 
voltage. 



US 2002/0163377 A1 

9. The electrical system of claim 1 Wherein the ampli?er 
includes a common gate con?gured FET Whose gate is 
biased at a fraction of a supply voltage measured betWeen 
the supply and return lines. 

10. The electrical system of claim 9 Wherein the ampli?er 
further includes a high input impedance buffer coupled 
betWeen the ?rst diode element and a source/drain of the 
common gate con?gured FET, to buffer the ?rst diode 
voltage. 

11. A method for providing forWard body bias (FBB), 
comprising: 

forWard biasing a ?rst diode element to a ?rst diode 
voltage; 

converting a voltage proportional to the ?rst diode voltage 
into a current; 

mirroring the current through a second diode element to 
generate a second diode voltage; and 

generating a constant FBB based upon the second diode 
voltage and applying the constant FBB to each bulk 
terminal of at least some ?eld effect transistors (FETs) 
of a ?rst conductivity type in a functional unit block 
(FUB) of an integrated circuit die. 

12. The method of claim 11 Wherein the conversion 
causes the second diode voltage to be a doWnscaled version 
of the ?rst diode voltage. [FIGs 1 and 2] 

13. The method of claim 12 Wherein the current is 
mirrored by a scaling factor less than 1. 

14. The method of claim 11 Wherein the conversion 
causes the second diode voltage to be a level shifted version 
of the ?rst diode voltage. [FIGs 3-5] 

15. The method of claim 11 Wherein the mirrored current 
is sunk through the second diode element. 
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16. The method of claim 11 Wherein generating and 
applying the constant FBB includes applying the second 
diode voltage directly to each bulk terminal of at least some 
of the FETs. 

17. An electrical system comprising: 

means for generating a ?rst diode voltage; 

means for converting a voltage proportional to the ?rst 
diode voltage into a current; 

means for generating a second diode voltage in response 
to the current; and 

means for generating a constant FBB based upon the 
second diode voltage and applying the constant FBB to 
each bulk terminal of at least some ?eld effect transis 
tors (FETs) of a ?rst conductivity type in a functional 
unit block (FUB) of an integrated circuit die. 

18. The electrical system of claim 17 Wherein the con 
version means causes the second diode voltage to be a 
doWnscaled version of the ?rst diode voltage. 

19. The electrical system of claim 18 Wherein the second 
diode voltage generation means includes means for mirror 
ing the current by a scaling factor less than 1. 

20. The electrical system of claim 17 Wherein the con 
version means causes the second diode voltage to be a level 
shifted version of the ?rst diode voltage. 

21. The electrical system of claim 17 Wherein the FBB 
generation and application means includes means for 
directly applying the second diode voltage to each bulk 
terminal of at least some of the FETs. 


