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The Use of Hot Carrier Effects to Trim Analog Transistor Pair 

Backgrowid of the Invention 

1. Field ofinvention 

This invention relates to integrated circuits and _in particuJar to trimming transistors in. 

analog circuits. 

2. Description ofRelated Art 

· A8 analog integrated circuits are created with sub-micron technology it is becoming more . 
. . 

and more difficult to trim pairs of transiStors that form a differential circuit or other critical 

configurations. Conventional trimming is d~ne by~ trimming resistors in the circm,t or by 

adding an EEPROM. A means is needed to adju$t offset voltages or threshold vo~_without · 
.requiring a resistive device which is becomirig quite sµJa]l to be trimmed. 

In US 5,808,272 (Sun et al.) is shown a 1aset system and processing method for · 
. . 

functionSny imnmmg semiconductor deVices without inducing performance drift or malfunction. 

including spurious optoelectric response in adjacent circuiuy. In US 5,587,665 {Tmag)a method . 

using a speci81 test circuit tesis perfo~ de~on reSUlting ftom hot carrier· stress. In US 
4,182,024 (Co~) a pulsed 1aser is Used to trim transistors in a combined bipolar and junction 

field.effect integrated circuit to achieve a balanced circuit perfonnance. 

As ~conductor geometry's shrink and trimming·offset vo~es becomes inore difficult, 

·methods other_ than I8ser trimming become important. These methodS can take the form of 
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8ltering transistor Cluncteristics rather than laser trimming resistors to achieve an offset that is 

·within specification. By doing this the geoinetry's are not affected and extra space in not allocated. 

to product trimming. 

SlJMMARY OF THE INVENTION 

In this invention a method is descn"bed tO trim the ofmet voltage of an aDalog ~ 

transistor pair. The method described can~ used for other circuits where an o~ or threshold 
. . . . 

voltage needs to be adjusted to bring the particular circuit into specification. In the circUit · 

exa1nple used to demonstrate the method of this invention, a differeiltial ampli:6.et is connected 

between Vdd and circuit ~und. Extelnal contact pads are connected to each tmninai of the two 

transisto~ in the di1ferential.amplifier. The size of'the pads are deperident upon tlie method of 
. . 

electrical contact and are larger when mechanical probes are used than when an eleetronic .beam is 

used. 

The differential amplifier is po~ on with inputs connected together, ~ the offset of 

the transistor pair is measured. If an offset in excess of a specification is measured, one of the 

transistors are trimmed. The trimming is done to the selected transistor by bot canier stressing 

that transistor .for a period of time to cause permanent damage to the trat)sistor in the fonn of 

interface state generation. This cb&nges the threshold 'Voltage of the transistor and the 

corresponding offset volmge of the differential ~istor pair. The rate of offset voltage reduction 

is noted .with respect to the amount of stress time, and additional stress is projected based upon 

the previoUs changes in offset 'voltage. The process is repeated until the offset voltage is within 

Specifications. 
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Other high voltage stress like Fowler-Nordheim tunneling can be used to produce 

permanent damage to the transistor be~ trimmed and. change the transistors threshold voltage. In . 

addition to a differential transistor pair circuit, other circuits can be trimmed usllig the method of 

. this invention to adjust the threshold voltage of a transistor to bring the actual characteristics of a 

· . circuit within Specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention will be descn"bed With reference to the accomj>anying drawlligs, wherein: 

FIG. 1 is a circuit diagram of a differential circuit to be trimmed, and 

FIG. 2 is a flow diagram of the method of trhnming the offset voltage of a differential 

circuit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT· 

In FIG. 1 is shown a circuit diagram of a differential amplifier connectCd between V dd and 

.circuit ground. Two transistors 10 1 i are conneCted to V dd each tbrollgb a load 12 13. The . 

. source of the two transistors 10 1 l are connected together and then to a current source Connected 

to ground. Probe pads are connected to the gate, the s0urce and the drain o~ each of the two 

transistors 10 11. W'rth the differential amplifier connected between Vdd and ground, the twO 

inputs of the differential amplifier are electricaJly tied together, and a stres8 voltage is applied to 
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one of the two transistors 10 and 11. With the two inputs tied together, the output of the 

differential amplifier will exht'bit the offset voltage. n: for example, the differential amplifier is 

designed for a SV operation, a gate to source voltage Vos = 2.SV and a drain to source voltage 

.. 
. VDS == 75V is applied until the output of the differential amplifier b eginS to change. The ·streSs 

. . 

. voltage is continued to be applied until the output of the differential amplifier indicates that the·· ·. 

offset voltage is within circuit specifications. 

The probe pads 15 shown in FIG. 1 are considerably larger w~ mechanical probing is . . . . ·' . . . 

used that when and E-beam ~used to probe the. circuitry. Mechanical probe pads Can. be as large 

as 60x60 micrometers compared to 2x2 micrometers for pads pro~ by an E-beam. which saves 

considerable space. When an E-be&m is used· a particular node will be char$ed to a level that will 

cause hot carriers to be induced into. the transistor being adjusted. The E-beam energy used is · 

low, S-1-KeV for instance, so as not induce E-beain damage. The two inputs to the differential 

amplifier are electrically tied tog~ and the. amplifier offset iS electrically measured at the 

output of the differential amplifier. · 

The previous discussion has shown how the offset voltage of the differential amplifier . 

circuit shown in FIG. l can be trinmed to bring the offset voltage within specification. Other 

·circuitry not containing a differential 8D1plifier can be trimined in a similar way with the 

_appropriate phlceMent of probe pads IS.within the circuitry. Stressing the circuitry Can also be 
. . 

. done Using Fowler-Nordheim tunneling. The Fowler-Nordheim tunneling produces interface state 

generation like that done with hot carrier stressing_ which changes the offset voltage of the 

transistor that is being stressed. 

In FIG. 2 is shown a method for stressing transistors in an integrated circuit to change an . . . . . 

o~ voltage to be within specification. Voltages -are connected to the _integrated circuit-to· allow 
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a offset voltage to be measUred 40. The offset voltage is measured 41 and the transistor to be · · · · 

trimmed is deiermined 42. Voltages are applied to the integrated circuit to hot earner stress the 

ttanSistor to be trimmed 43. The hot carrier stress· is maintained on the transistor to be trimmed 

for a period of time. The offset voltage of the. integrated circuit is measured 44, and the proeess is 
. . 

repeated until the offset voltage is measured to be within si)ecification 45. The amount of time. 

that the hot carrier stress is applied versus the change in offset voltage is uSed detenmne how long 

the riext application of the hot carrier stress is applied. 

While the invention has.been particuJarly shown and clesCni;oo with re~ to preferred·. · 

embodiments thereof: it will be understood by those skilled in the art that various changes in form 
. . 

and details may be made without departing from the spirit and scope· of the invention. . 
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CLAIMS 

1. A method for _trimming transistors in an integrated cireuit, comprising: 

_a) connecting voltage to an integrated circuit, 

b) measuring an offset voltage between transistors in said integrated circuit, 

c) determining which transistor to be trimmed, 

5 -d) applying hot carrier stress to said transistor to be trimmed, 

e) stressing said transistor and measuring said offset vohage betWeen said ~rs, 

·f) repeating said hot carrier stress until s81d offset voltage meets specification. 

2. The method of claim 1, wherein applying hot carrier stress produces an interfilce state 

generation to produce permanent chariges to· said transistor being trimmed. 

10 3. The met:hQd of claim 1, wherein stressill.g said transistor is done using electron beam to 
. . . . 

allow small contact pads connected to circuitry to be used. 

4. The method of claim 1, wherein stressing said transistor is done '!l8ing high voltage . · 
. . 

Fowler-Nordheim tunneling to create an interJilce state generation to produce permanent changes 

to said transistor being trimmed. 

· 15 S. A method for trimming transistors in a di1ferential circuit, comprising: 

a) comiecting voltage to a differential tnuisistor pair; 

b) measuring an offset voltage of said differential transistor pair, . 

c) determining which transistor of said differential transistor pair to be trimmed, 
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d) applying hot earner stress to said transistor to be trimmed for a period of time, 

e) measuring said offset vohage of said transistor pair, 

t) repeating said hot carrier stress until said offset vohage of said transistor pair meets 

specification. 

5 6. The methQd of claim 5; wherein applying hot camer stress produces an interfBce state 

generation to produce permanent changes to said transistor being trimmed. 

· · 7. The method of claim 5, wherein stressing said transistor is done using electron be8in to 

allow small contact pads cannected to circuitry to be Used. 

8~ The method of claim 5, Wherein trimming transistors corinected iii configurations other 
. -

10 than said differential transistor pair is done by. using the hot carrier stress technique. 

9. The method of claim 5, wherein stressing Said transistor is done using high voltage 

F~wler-No~im tunneling to create an :interlace state generation to produce permanent changes 

to said transistor being trimmed. 

1 o. The method of claim 9, wherein trimming transistors connCcted ~configurations other .. 

15 than said differential transiStor pair is done by using the high voltage Fowler~Nordheim 

technique. 
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