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LINEAR TRANSCONDUCTOR 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to improve:nents in 

semiconductor circuits and methods, and more r ::.:::~icula::-ly 
to improvements in transconductance amplifiers s·.:i +:able :or 

use in closed loop automatic gain control circuits. 

2. RELEVANT BACKGROUND 

Transconductance amplifiers are well known i~ the a~t. 

In a typical transconductance amplifier, the differential 

input vol~age is applied to the gates of MOS devices in 

series current paths that include current sourcing 

transistors and load transistors. Circuitry is also 

provided to insu=e that the gate-source voltage on the 

input devices is constant, in order to provide the 

linearity of the transconductance amplifier. 

However, such transconductance amplifiers typically 

have a limited common-mode operating voltage range. For 

example, a typical prior art circuit is shown in Figure l, 

to which refe=ence is now made. Because the drain voltages 

0f input transistor3 Ml and M2 are determined by tran~istor 

pairs M5-M3 and M6-M4, respectively, normally transistor ~-:3 

would be designed with a small V95-Vtnr whereas transistor MS 

would have a bigger V95-Vtn· The drain voltage of transist~r 

Ml is designed such that the current source transistor 

barely saturates, all in the weak corner. In the strong 

corner, the V95 -Vtn of transistor M3 and especially 

transistor MS reduce by a factor of two; hence, drain 

voltage of transistor Ml becomes substantially lower. To 

9903764-0 
O 4 AUG 1999 



2 

keep transistor Ml operatiru; in the saturated region, the 

voltage at input terminal p::. (at the gate of transistor Ml) 

would have to be at least Vtn above the drain voltage of 

transistor Ml, and, hence =·~comes lowered as much as the 

drain voltage of transistor ~1. 

Ideally, the transconc::..:ctance does not depend either 

on the input DC component ::r on the common-m0de ·:cltage. 

However, in the circuit of Figure 1, the t ranscon8.uctance 

is varied if either the inpe'l conunon-mode voltage varies or 

the input differential DC component is nonzero. 7his is 

especially undesirable ir- a f i 1 ter applica;: ions ~hat 

:.nclude multiple such tran::conductors that are controlled 

by the same HOSFET-resi~-:or gate voltage which have 

cumulative DC offsets, c = with different cormnon-mode 

voltages, because the rat:..:: of transconductances are not 

maintained at their desi~~ed values. Such pr=ble~ is 

typical of any transcond~=tor that drops level-shifted 

input voltages across· a 

current. 

MOSFET-resistor to generate 

Moreover, the circui~ of Figure 1 produces large 

di~ tort ion if the differen-:..:. al amplitude or DC ccr.;por.ents 

of the input signal are l=..:-ger than, for example, 200mV. 

This is especially so the lowest end of the 

transconductance tuning rc.~ge, where the Vr;s-Vtn of the 

MOSFET resistor is smallest, possibly less than 200mV. This 

again is typical of any t::-ansconductor that drops level­

shifted input voltages acr.=-ss MOSFET-resistor to generate 

current. 

What is needed, ther:=ore, is a transconductor, or 

transconductance amplifier, which controls the Vee input 

such that the common-mode voltage of the current source 

transistors are maintained at a predetermined voltage in 
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spite of manufacturing prc<=-:=:ss variations, which maintains 

the ratio of transconduc::..=.:.::es at designed values, and 

which does not produce l=-::-;:e distortion if input signal 

differential amplitude or ::>C component are larger than 

predetermined threshold vol-=:=:~es. 

SUMMARY OF THE INVENTION 

The invention has ==---:-~ral salient advantages. =~r 

example, a transconductor :...= ?rovided which controls tr.e V:·: 

input such that the comrn:c:-:~-mode voltage of the current 

source transistors are ==..: ntained at a predetermined 

voltage in spite of manufac-=--~=ing process variations. 

Additionally, a tra:::...=-.:::.:mductor is presented which 

maintains the ratio of -::.::-ansconductances at designed 

values. 

Also, a transconductc.=- is 

produce large distortion 

amplitude or DC component =.re 

threshold voltages. 

presented which does not 

input signal differential 

larger than predetermined 

These and other objec-::..=, features, and advantages of 

the invention will become .=.:.... 9arent to those skilled in the 
-.-

art from the following det=-= led description, when read in 

conjunction with the acc.._.._.9anying drawing and appended 

claims. 

According to a broac aspect of the inventio~, a 

transconductor is presentec =aving first and second current 

flowpaths. Each of the c:.:.....::-.=ent flowpaths has a current 

sourcing transistor, an -=-~::mt transistor, and a load 

transistor. The input tran:~5tors are connected to receive 

a differential input sigr:c..::... A pair of transistors are 

provided, each connected t: feed forward a signal between 

the input and the curr~~~ sourcing transistors in a 

respective flowpath to a r==.=:;:-ective control element of the 
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load transistors. A res is:. :I!:" is connected between output 

nodes of the first and ==::ond flowpaths, and a current 

source, which may be adj ·..:~table, is connected between a 

common node of the loc.·= transistors and a reference 

potential. A voltage ccc'9aring amplifier is connected 

between the common node of :.he load transistors and control 

elements of the current sc'~=cing transistors. The amplifier 

is referenced to a refere~=~ voltage, whereby a voltage on 

the common node controls .:urrent sourced by the current 

sourcing transistors. A ;:urality of differential load 

circuits are provided, eac:-_ connected in parall~l with the 

load transistors, and each ~ncluding a controllable current 

source connected between a =omrnon node of the c:!:"cuit and a 

reference potential. Addi:.:.. :mally, a respective plurality 

of capacitive circuits e~=~ connected between the input 

transistor and the load t==~sistor of each current flowpath 

may be provided. 

According to another ==oad aspect of the invention, a 

method is presented fo:- operating a transconductance 

circuit. The method inclu::~s controlling currents in first 

and second current flo...-;: :.ths of the transconductance 

circuit to follow a commo:-_ node voltage between the first 

and second flowpaths. The =~thod also includes providing a 

plurality of differential ;air load transistor circuits in 

parallel with different:. :1 load transistors in the 

flowpaths, each comprisinc; a respective adjustable current 

source for adjustment c: a transconductance of the 

transconductance circuit. 

BRIEF DESCRIPTION OF THE DF-~WINGS 

The invention is ~llustrat~j in the accompanying drawings, 

in which: 
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Figure 1 is an electrical schematic diagram of a 

transconductor circuit, in accordance with the prior art. 

Figure 2 is an electrical schematic diagram of a 

transconductor circuit, in accordance with a .preferred 

embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A transconductor is a voltage controlled differential 

transconductance stage, amplifier, or circuit. 

Transconductance circuits are used in many applications, 

among which, for example is in driver circuits that supply 

drive power to a de motor used to spin a disk of a hard 

disk drive, or the like. 

A transconductor 10, in accordance with a p::eferred 

embodiment of the invention, is shown in Figure 2. The 

transconductor iG has a differential input signal 

to the gates of input transistors 12 and 14. PMOS current 

sourcing transistors 16 and 18 enable a feed forward 

voltage to be developed that is applied to differential 

load transistors 20 and 22 via transistors 24 and 26. 

Curre~t sources 28 and. 30 provide currents to the output 

transistor driving paths 25 and 27. 

An adjustable or variable current source 3~ is 

connected between the sources of the differential load 

transistors 20 and 22 and a reference potential, or ground. 

The current source 34 is adjustable as a part of the 

transconductance t~ning, discussed below in detail. 

A resistor 36 is connected between the source elements 

of transistors 12 and 14 on nodes 37 and 39 across which 

the differential output voltage is developed. The resistor 

36 may be, for example, a MOSFET device that is sized and 

biased to ope~ate in its triode or linear region. A 

plurality of transistor/capacitor circuits 40 ... 42 and 
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44 ... 46 are also connected to the sources, respectively, of 

transistors 12 and 14, as shown. The purpose of the 

switched transistor circuits 40, 42, 44, and 46 is to allow 

adjustment of LHP zero to reduce GOV (LHP = Left-Half 

Plane; GOV = Group Delay Variation) . 

More particularly, the presence of the capacitances at 

the source nodes of the differential load transistors 20 

and 22 introduces LHP-zero. The bigger the tot.; l of the 

capacitances connected to these node pairs, the ~ower :he 

frequency of this LHP-zero. Adjustment of this LHP-zero 

allows one degree of freedom in adjusting the frequency 

response of this transconductor to obtain a maximally :la: 

group delay variation by adjusting the negative delay c: 

the LHP-zero to partially cancel the positive delay of th~ 

poles within the loops formed by the transistors 20, 12, 

and 24, or by the transistors 22, 14, and 26. 

A differential amplifier 38 is interconnected between 

the sources of load transistors 20 and 22 and the gates of 

the current source PMOS transistors 16 and 18. The 

differential amplifier 38 operates to compare the voltage 

on the sources of the output transistors 20 and 22 to a 

reference voltage Va on its inverting input terminal, and 

forms part of the feedback loop that maintains the com.r:lon 

source of transistors 20 and 22 at a desired voltage. Thus, 

if the common source of transistors 20 and 22 has a volt.::·]~· 

departing from the voltage level of Va, for instance, goin~ 

higher, then the output of the . amplifier 38 goes also 

higher. This, in. turn, reduces the magnitude of Vc;s-Vtp of 

the PMOS devices 16 and 18, which results in less current 

being delivered into the drain nodes of transistors 12 and 

14. As a result, the drain voltages of transistors 12 and 

lt. drop. 1'\s a consequence, through transistors 24 and 26, 
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level-shifting results, and the gate voltages of 

transistors 20 and 22 drop, which finally results in their 

common source voltage dropping to complete the desired 

negative feedback action. It should be noted that the 

amplifier 38 only needs to have low bandwidth since the 

fast differential signal does not propagate through it. 

The reference voltage, V8 , applied to the amplifier 38 

can be any desirable voltage, depending o:-: the objective 

sought to be achieved by the circuit. For e:-:a:nple, Va ca!"! be 

a fixed voltage, for example, 300mV, in which case this 

common-mode feedback loop tries to maintain the common 

source of load transistors 20 and 22 at 300mV. On the other 

hand, Va can be level-shift~d down, for instance, by using 

two l\l"MOS devices in series (in a manner similar t.) ~he 

series connection of the transistors 24 and 20) f :-or.i. a 

fixed voltage, say Vcc-400mV. In this case, the common-mode 

feedback loop tries to maintain the drain nodes of 

transistors 12 and 14 at a common-mode voltage of Vcc-400mV, 

which maximizes the common-mode input range. Alternatively, 

it could be level-shifted similarly, but from the common­

mode voltage of the inputs themselves in order to guarantee 

that the drain voltages of transistors 12 a:id 14 are the 

sawe as the input common-mode voltage. 

Additio:ially interconnected between the gates of th~ 

differential load transistors 20 and 22 to which the input 

signal is fed forward are a series of dif ferentia ! pair 

circuits 53, 61, and 63, each circuit including a 

transistor connected between input nodes 54 and 56 and a 

respective tunable current source. Thus, as shown, the 

first differential pair circuit includes transistors 50 and 

52 connected between respective input nodes 54 and 56 and 

on~ side of a tunable current source 58. The current source 
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58 is controllable, and may be enabled or disabled, as 

desired. Similar circuit 61 and 63 are connected in 

parallel with the circuit 53. 

The circuit 61 includes a transistor 62 connected 

between the input node 54 and a variable current source 64, 

and a transistor 66 is connected between the input node 56 

and the variable current source 64. On the other hand, the 

circuit 63 includes a transistor 70, also connected between 

the input node 54 and a va~:able current source 72, as well 

as a transistor 74 that is connected between the input node 

56 and the variable current source 72. Although three 

parallel circuits 53, 61, and 63 are shown, it should be 

understood that any nu:nber of circei ts can be employed, 

using the current and sizing ratios discussed below. 

Each of the parallel circuits 53, 61, and 63 

contributes differential output current that is directly 

. proportional to the current running through load 

transistors 20 and 22, and also directly proportional to 

the square root of the ratio between its own tail current 

(It2, for instance) a~d Itl. It can be seen that the 

transconductance ratio between transistors 20-22 and 54-56, 

for 1 . (R I) /t2 + /t3 + ... + !tn 
examp e, is - . 

ltl 

As mentioned above, the currents of each of the 

current sources 34, 58, 64, and 72 are individually 

controllable and individually enablable and disablable. 

This allows for a very wide transconductance tuning range 

in a piecewise continuous fashion. The transconductance 

ratio between transistors 20-22 and 54-56, as mentioned, 

is proportional to the square root of the quotient of the 

currents of current sources 34 and 58. On the other hand, 

the stepwise transconductance ratio is determined by the 
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ratio of the widths of the transistors of each respective 

transconductance determining stage. For example, the 

transconductance ratio determined by the ratio of the 

widths of transistors 20 and 54, which affects the·stepwise 

transconductance ratio. For example, if four output 

differential pairs are used and the ratio of the sizes of 

the transistors 20, 50, 62, and 70 are 1:2:4:8, the 

currents of t~e current sources 34, 58, 68, and 72 enable a 

transconductaoce range o! 16 to 1 to be enabled. (The 

transistors may be sized, for example, by laying out 

transistor gate widths in the ratios indicated, or other 

ratios, as desired.) 

It should be noted that with the circuit 10 

constructed as above described, the portions of the 

transconductor 10 that carry signals may be constructed 

entirely with Nl10S devices, which increases the speed of 

the circuit, since NMOS devices, with higher carrier 

mobilities than comparable PMOS devices, are generally 

regarded as being four to five times faster than such PMOS 

devices. 

. Although the invention has been described and 

illustrated with a certain degree of particularity, it is 

understood that the present disclosure has been made only 

by way of example, and that nu~erous changes in the 

combinatio~ and arrar.gement of pa=t~ can be resorted to by 

those skilled in the a~t without departing from the spirit 

and scope of the invention, as hereinafter claimed. 
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* C l M S * CLAIMS: 

1. A transconductor, comprising: 

first and second current flowpaths each having a 

current sourcing transistor, an input transistor, and a 

load transistor, said input transistors being connected to 

receive a differential input signal; 

e:. pair of transistors each connected to feed forward a 

signal between said input and said curr~nt sourcing 

tran!::stors i;. cJ. respective fl_owpath to a respective 

control element of said load transistors; 

a resistor connected between output nodes of said 

first and secor.d flowpaths; 

a current source connected between a commor. node of 

said load transistors and a reference potential; 

and a voltage comparing amplifier connected between 

said common node of said load transistors and control 

elem~r.ts of said current sourcing transistors, said 

amplifier being referenced to a reference voltage, \-:hereby 

current sourced by said current sourcing transistors is 

controlled by a voltage on said common node. 

2. Th~ transconductor· of claim 1 wherein said current 

source connected to said corrunon node is adju.s~ab~c, anc:! 

further comprising a plurality of differential load 

circuits, each circuit being connected in pare:.llel with 

said load transistors, and each circuit including a 

controllable current source connected between a common node 

of said circuit and a reference potential. 

3. The transconductor of claim 2 wherein respective ones of 

said load trans"istors and respective load transistors of 

said load circuits are sized with ratios of 1:2:4:8. 
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4. The transconductor of claim 1 further comprising a 

respective plurality of capacitive circuits each connected 

between said input transistor and said load transistor of 

each current flowpath. 

5. The transconductor of claim 4 wherein said capacitive 

circuits each comprise a capacitor and a switching 

transistor for controllably connecting said capacitor 

between said input transistor and said load transistor. 

6. The transconductor of claim 1 wherein said input 

transistor, said load transistor, and said feed forward 

transistors are NMOS transistors. 

7. The transconductor of claim 1 wherein said ~e~istor is a 

MOS ~ransistor biased to operate in a linear mode. 

8. A transconductor, comprising: 

first and second current flowpaths each having a 

current sourcing transistor, an input transistor, and ·a 

load : ::-a::sistor, said input transistors being cor.rlected to 

receive a differential input signal; 

~ pair of transistors each connected to feed forward ?. 

sign2l between said input and said currc~t sourcin] 

transistors in a respective flowpath to a respect:v~ 

control element of said load transistors; 

a resistor connected between output nodes of said 

first and second f lowpaths; 

an adjustable current source connected between a 

common node of said load transistors and a reference 

potential; and 
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a plura 1 i ty of differential load ci =cui ts, each 

circuit being connected in parallel with said load 

transistors, and each circuit including a controllable 

current source connected between a corrunon node of said 

circuit and a reference potential. 

9. The transconductor of claim 8 wherein respective ones of 

said load transistors and respective load transistors of 

said load circuits are sized with ratios of 1:2:4:8. 

10. The transconductor of claim 8 further comprising a 

voltage comparing amplifier connected between said common 

node of said load transistors and control elements of said 

current sourcing transistors, said amplifier being 

referenced to a reference voltage, whereby current sourced 

by said current sourcing transistors is ccnt:::-0lled by a 

voltage on said common node. 

11. The transconductor of claim 8 further comprising a 

respective plurality of capacitive circuits each connected 

between safd .. input transistor and said load transistor of 

e~ch current flowpath. 

12. The transconductor of claim 11 wherein said capacitive. 

circuits each comprise a capacitor and a switching 

transistor for controllably connecting said capac~tor 

between said input transistor and said load transistor. 

13. The transconductor of claim 8 wherein said input 

transistor, said load transistor, said feed forward 

transistors, and transistors of said differential load 

circuits are NMOS transistors. 
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14. The transconductor of claim 8 wherein s~id resistor is 

a MOS transistor biased to operate in a line~r mode. 

15. A method for operating a transconductance circuit, 

comprising: 

controlling currents in first and second current 

flowpaths of said transconductance circuit to follow a 

COiaffiOI1 node voltage between said f irsi: and second 

f lowpaths; 

and providing a plurality of differential pair load 

transistor circuits in parallel with differential load 

transistors in said flowpaths, each comprising a respective 

ac!.just.=.ble current source for adjustment of a 

transconductance of said transconductance circuit. 

16. The method of claim 15 wherein said controlling 

currents in first and second current flowpaths of said 

transconductance circuit to follow a conunon node voltage 

between said first and second flowpaths comprises comparing 

a voltage on said corrunon node to a reference voltage, and 

adjusting a supply current to said flow;>aths according to 

said comparing. 

17. The method of claim 15 further comprisins sizing 

tra~sislors of said differential pair load transistor 

circuit~ and said differential load transistors in said 

flowpath to have a size ratio of 1:2:4:8. 

18. The method of claim 15 further comprising adjusting 

said adjustable current sources to control a 

transconductance of said transconductance circuit. 
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19. The method of claim 17 further comprising adjusting 
said adjustable current sources to control a 

transconductance of said transconductance circuit. 

, 
20. The method of claim 15 further comprising connecting a 
respective plurality of ·capacitive circuits between said 
input transistor and said load transistor of each current 
flowpath. 


