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ATTACHMENT

* 7: ‘ age John Pace: -

The invention is a technique for making a programable function generator,
.suited to, but not restricted to, construction in integrated circuit
form. It produces an output current or voltage which is a programable
function of an input voltage or current at n evenly spaced values of.
the input voltage or current. For values of the input signal between
the n points, the output is a linear interpolation between the output
values at the nearest points. The programing of each point is indepen-

. dent of all other points, and the output at any point can be established
by the ratio of two resistors. v8 : ;

; Included is a technique for making compensated current sources for

.integrated circuits. — i Sher Aaa page SE
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* 3, The system is outlined in Figure 1. Block number 1 of the drawing is ©

-- a eurrent ladder. It consists of n identical current sources, the |

‘outputs of which are connected to each other horizontally by pairs of

diodes. Each current source output also drives the anode of a diode

(which may be a diode-connected transistor), the cathode of which

goes to a common buss, and to the base of a transis tor whose. emitter

ds. also connected to a buss.

. .. Block number 2%is a Dpeedhabor consisting of a current source identical
to those in block number 1, a pair of matched resistors, and a differential

-.woltage amplifier whose output controls the amount of current delivered

‘. by the current sources. The regulator's function is to maintain the

*.,total current ladder equal (or nearly ogee to the current from one

_ current! source. sh ies ee Sar cel Rape ee eS

“Block —— 3 ts the programable output network which consists of current
- dividers Ria wae: Bi ty through Rg and Rpb. Each divider splits the current

'. from a transistor's collector between ground (or some other reference

yes peat sl voltage) and, in this case, the input of an Spenakinosh amplifier which

Se ek ee converts the current into a voltage. -

SeBlock number 4 is a voltage limiter which is used to ppevent the voltage
“' £€rom either end of the current ladder to the diode or emitter buss from

- exceeding the reverse breakdown voltage of the base-emitter junctions.

‘This regulator permits the current ladder to be longer (that is, n is

tee soils“... larger) and therefore there can be more programing points than otherwise
“Nish orig tion. Sa would be possible. The voltage regulator functions by diverting current
“snc 8... from the center of the current ladder when the voltage at one of the

“24 1" ends of the ladder gets negative enough to turn on one of the regulator

“.. transistors, thus preventing the voltage at that end: from. going much

po omate negative until the reguiaher: transistor is saturated.

kleine wens Block number 5 is a differential piueene andveits Its function can be
- fos. 2. 4 explained as follows: Let the input-te the system be X and let X take

Ve Soo. en any value from 0 to +1. Let iy be a constant source of current. |
Then the differential current driver will (in this case) sink currents

of, (Xiz) and (1-X) 41 for: driving the ends of che current ladder.

Figure vs shows’ one way in which a differential current driver has bean
- yealized for use in an integrated circuit. An operational amplifier

“<-“" eireuit converts an input voltage of 0 to Vj, max to a current of 0 to-

ign max... A precision reference current, iref, is fed into a current

mirror circuit. Let fref = ijn max. Let the B of all transistors be
om same. By design, let ig be some constant factor, y, times as great.

as aces sc thee the collector current of transistor-t2 is equal to iper¢ -

‘taf aE Sec rite Rt ee ite ee
aed
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, &
Also, if the transistors to and t3 are identical and have the samecollector voltage; then their collector currents will be the same:

SE . aS
2

ip = ing = tae “Bp

“ Thus, the current source ip will very nearly compensate for the. fraction of iin which is diverted to transistor t7's base, so as- Tin varies from 0 to iref, the current ig - ta/B will move very_Linearly from the collector of tg to the collector of t7- This systemeffectively compensates for the errors normally created by finite Bof the transistors, and by the variations of that B with. temperature.

. Refer to Figure 1: The best way to understand the operation of thesystem ts to first imagine that X = 1, so that all the current to the- differential current. driver is coming out the left end of the current-sladder and none is coming out the right end. Since the current sourcesin the current ladder have been regulated to force the current in thediode bus to equal the current from one current source, is, then

"* and the output of the n'th current source is all passing through Dyto the diode buss. The voltage at the anode of Dy also appears at thebase’ of the corresponding transistor. As we move to the left from Dy,we find that the voltages at the anodes of the diodes and at bases of. the transistors get progressively more negative because the current£rom the other current sources must pass through a string of diodes-as it moves to the left. Since the transistor on the right side ofthe. current ladder has the most positive base, the current ig willme pass through its collector to the junction of programing resistors.os. . Baa and Rpp. eae! - ee

‘Next, assume that the input X has decreased to the point where a current: ‘1/2 is flowing out the right side of the current ladder and a currentreheat. (nek) ig is/2 is flowing out the left side. Then a current ig/2 isger te: flowing through diode Dy.to the diode buss, so a current i,/2 must betet ® £lowing through diode Dy-1 to satisfy the regulator. The transistor2 oo bases connected to Dy and Dyoy will then be at the same potential, soBk Roe £9 will be split evenly between the two transistors; i2/2 will go to“4 "Roe and’ Rup, and ig/2 will go to R(n-1)a and R¢y-jyp- The output“+. woltage will be | - ene ey ’
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-.. Now imagine that X decreases even} further such that a current equal to feflows out the right side of the current ladder, Almost all of this current

~
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will come from the’first current source. The anode of diode Dy-}j

will be the most positive in the string, so all ef its associated

current source ig will flow through it. Therefore, all of ig will

go to the junction of Rin-L)a and coe The output voltage will be

a 
Be meVout = Bey tty > Ge.out “Eb = 4 s Kc “L)a then),

_As X varies from 1 down to 0, the current i) meted linearly from one
‘" eurrent divider to another, from left to right, and the output will

- > wary in a manner established by the ratios of Bla and Rip oe Rna

ee and Rabe Pcie: my gee re

te Obvisugly, if B is finite in che transistors, a fraction of *2 ihc be
*s saOREt ta. Boe peas that is oN eg ge GE

Se tes We prevent the output from changing with temperature because of B
variation with temperature, the circuit in Figure 3 was used for ig

to compensate for the B term. The function of this circuit is the

“game as the current source for the differential current driver.
m

_ Other methods of making programable function generators include diode
function generators, servo motor driver switches, cams, and drums, and

.*, digital memory systems with analog-to-digital and digital-—to-analog

“; converters. The diode-type generators are difficult to program and do

*. not have independent adjustments at.each program point. They are
“+ usually somewhat sensitive to tempgrature variations. They do have the

- advantage of adjusting the positions of the "break points", and they

' are relatively fast. The servo motor systems are usually large, expen-

sive, slow, and they consume considerable power. They can have the

advantage of very smooth and versatile transfer functions. The digital |
—-. systems tend to be expensive in that they require A to D and D:-to A

-.. converters and a digital memory unit., They also have a disadvantage in

: that the output will vary in discrete steps. The programable function . -

generator described in this disclosure has the advantage of being small

and inexpensive -~ Blocks b Soli 4, and 5 in Figure 1 can be put into
one or more integrated circuits. It also consumes little power and

responds to relatively fast changing input signals. The programing,

“Ls conveniently done by resistor ratios, and each point is independent

- Of the others. This lends itself to computer programing and other means

= of precisely, rapidly changing the function. Use with precise 10 turn
potentiometers could take advantage of the accuracy and linearity of

the system which could be used for simulating many Best sneer functions,

ip as well as linearizing many non} inear systems.
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f C a The inventive features of this system are:

tee te yer The use of currear divider resistors and transistors in conjunction
with a current ladder to form the unique type of programable
function generator. (Invented by Barrie Gilbert) (Disclosure
already filed.) :

-2.. The use of a feedback regulator with typical current source to
“. make the system stable, accurate, and very independent of the common.mode current from the differential current driver. ‘(Invented by“ John Pace.) | wage oe , cg ee

Se trees
The use of the voltage limiter circuit to make possible a longer
current -ladder and more «programing points. (Invented by John Pace.)

- The technique for making current sources on integrated circuits withoutputs which are, to a good approximation, equal to the input
-.Current with an added or suhtracted factor proportional to 1/B or“ Y/B Gwhere Y is a constant and where B is the common emitter current* gain of the transistors) as shown in Figures 2 and 3. (Invented“ by John Pace.) Wiriiiec a cit eal ee woe denSt -FreereE’ oe

tg Re epee de = ee
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4. The exact dates of conception of these inventions are not recorded.

The feedback regulator, voltage limiter, and current sources were

‘conceived between the months of March and August 1971. Each of these

circuits were tested in breadboard function generators during this

i. period. An integrated circuit function generator employing these

‘yo. ©. edxeuits has been designed and is, as of December 14, 1971, being

. 4. fabricated. The schematic diagram for this integrated circuit is
“dated 9-20-71, revised 9-28-71. My assistant, William C. Stutzman,

-« has witnessed these inventions and their realization in practice.
. Others with whom the circuits were discussed shortly after conception

_ -: are Mike Metcalf and George Wilson of Integrated Circuits, paginestiurs

: prekerontx., Las pugsaeering notebook 1 was kept. ey aon!
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