;67e3e). k&hhitj(j|j6)T.k  The Use of Hot Carrier Effects to Trim Anal og
Transi stor Pair Background of the Invention 1. Field of Invention This
invention relates to ijgiegrated circuits and in particul ar to trimmng
transi stors in MH\\ﬂmn\cw ts. 2. Description of R t As anal og
i ntegrated ci rcw\ “m W ed with sub-mcron technol ﬁ ﬂ/:om ng
nore and nore dlffICLUL-J;.O trlmpalrs of transistors that f
differential circuit or other critical configurations. Convem‘f"i"onal
trimmng is dope I r, jrimm resi st.ors in Ci rcqu . by addi ng an
EEPROM A neantiis gl dtot Cartiar Brecs 18 airidunalas TERgiRtarPira vo! t ages
wi thout requiring a resistive device which is becomng quite small to be
trimmed. In US 5,808,272 (Sun et al.) is shown a |aser systemand
processing nethod for functionally trimmng senm conductor devices without
i nduci ng performance drift og, HHAE b I ng spurious optoelectric
response in adjacent circuit Jiang) a nethod using a
special test circuit tests perfornance degradat ion resulting from hot
carrier stress. In US 4,182,024 (Conetta) a pulsed laser is used to trim
transistors in a conbi ned b| pol ar and junction field effect integrated
circuit to aéhlflddefhlvblaloanced circuit performance. As sem conduct or
geonetry's shrink and trinm ng of fset voltages becones nore difficult,
met hods ot heilhis irvanticngelates to integratpdisecuitsand momrticalr to fFimesing tredsisbpisincan t ake
the form of

analog circuits.

2. Description of Related Art

As 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 done by laser trimming resistors in the circuit or by
adding an EEPROM. A means is needed to adjust offset voltages or threshold voltages without
requiring a resistive device which is becoming quite small to be trimmed.

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

) functionally trimming semiconductor devices without inducing performance drift or malfunction

including spurious optoelectric response in adjacent circuitry. In US 5,587,665 (Jiang) a method
using a special test circuit tests performance degradation resulting from hot carrier stress. In US
4,182,024 (Cometta) a pulsed laser is used to trim transistors in a combined bipolar and junction
field effect integrated circuit to achieve a balanced circuit performance.

As semiconductor geometry's shrink and trimming offset voltages becomes more difficult,

methods other than laser trimming become important. These methods can take the form of



altering transistor characteristics rather than laser trinmng resistors to
,achieve an offset that is within specification. By doing this the
geonetry's are not affected and extra space is not allocated to product
trimmng. SUMMARY OF TIC INVENTION In this invention a nethod is descri bed
to.trimthe offset voltage of an analog differential transistor pair. The
met hod descri bed can be used for other circuits where an offset or
t hreshol d voltage needs to be adjusted to bring the particular circuit into
speci ditefiifif tranSistok Bhardveeriafidsauthér thaplaget einmisiag rdsistofeisolitveaine fsdtaharat hod of
this invention, a differential anplifier is connected between Vdd and
Ci I CUkithidépRbinehtioR X8 Pddi (AR S6oimeRatd SredbCaffeefRd 8d SfralsPaachotlaBbdiidaal of the
two transistors in the differential anplifier. The size of the pads are
depengendqudPe; > method of electrical contact and are |arger when
nechanicé1 probes are used than when an el ectronic beamis used. The
differential anplifier i.s powered on with inputs connected together, and
the offset of the transistor pair is neasured. If an offset in excess of a
specification is neasurSﬂh§§§§§ﬁ§§&g§U§§@ﬂ§Q§$£Ls are trimed. The trinmm ng
is done to the selected r stressing that transistor
for a period of tinme to cause permanent damage to the transistor in the
formof interface state generation. This changes the threshold voltage of
the transistor and the corresponding offset voltage of the differential
t r ansi st orlnshi jnventiqp a method iy deseribed to trign th g8t xeftage phan naloggitEeentipk h r espect
to the amount of stress tinme, and additional stress is projected based upon
~the ptreniston pais B guthodessribebeanbolusefer othreipnisoticss ancofieirresboldnt | |t ho
" offset voltage is within specifications. 2 O her high voltage stress |ike
Fowl evoltdge ndeds tu teladjusted tgbringrthdparticdat cireniftintodpevificaticar. frathe oircultamage to t he
transi stor being trinmmed and change the transistors threshold voltage. In
addi t bxupletusad @ defheratd e mefhdd F fisIhveRfdr, a Aiffefontidl anlifi@is Sonhéctidt S can be
trimed using the nmethod of this invention to adjust the threshold voltage

of a b&aesd t ' t Shheddal Sndidal S pthin
specifti cat |?)§1C?£H§I£IQ%E{ %&F%@?%ﬁ\%%&tac%@ %{'\cl:éAc\?\VMKcI%G{Seli %ﬁ?@ﬁitnvent%%é%yql be
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shovvnua circuit diagramof a differential anplifier connected between Vdd
and ci ?eguit ground. Two transistors 10 11 are connected to Vdd each through

a load 12 . ..1he sour of the two transistors 10 11 are connected
t oget her a‘;tge qlﬁ‘é‘ﬁmlagmﬁl’ ¥ Bpyers BP(‘?’étLd'I?HWé’B?@Hw%@ggg"ﬁ{zﬁﬂq theo °§ads are
connected to the gate, the source and the drain of each of the two
t r ansiths teansisteppairis mpgsured; ¥ an gffset inyexaess af a spepificatipn is respyred oagobe ween Vdd
apd ground, the two

transistors are trimmed. The trimming is done to the selected transistor by hot carrier stressing

that transistor for a period of time to cause permanent damage to the transistor in the form of
interface state generation. This changes the threshold voltage of the transistor and the
corresponding offset voltage of the differential transistor 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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inputs of the differential anplifier are electrically tied together, and a
Stress voltage is applied to one of the two transistors 1 10 and 11. Wth
the two inputs tied together, the output of the differential anplifier wll
exhibjt the offset voltage. If, for exanple, the differential anplifier is
designed for a 5V operation, a gate to source voltage Vas = 2.5V and a
drain to source voltage VDS = 7.5V is applied until the output of the
differential anplifier begins to change. The stress voltage is continued to
be applied until the output of the differential anplifier indjcates that
Che ort set vtiesglehvaligeRiibs ike FoNier NopBErtinding 8 bormed Braticpacs 15
shown in FIG 1 are considerably |arger when nechani cal probing is used

t hanwhe empAnent lamags 1§ thesteansistor peingwimmped and charge the trapgistprsihegioldsyadipge. fads
can be as |large as 60x60 microneters conpared to 2x2 mcroneters for pads
probed lwdition B-ddiffercnikal trinsistor geir cioevdti otberadincuitssqan be trinhedhusing the trethod b6 used
a particular node will be charged to a level that will cause hot carriers

t o be i nhisitwehtiontto adjhse therthreshodd writapeofagransistos tockting Theadhuab eamcemstigywfused i s
|l ow, 5-1 KeV for instance, so as not induce E-beam damage. The two inputs
to the cirtdiewihihspdcifieaguni fier are electrically tied together and the
anplifier offset is electrically neasured at the output of the differential
anplifier. The previous discussion has shown how t he of fset voltage of the
differential amplifier circuit shown in FIG 1 can be trimed to bring the
of fset voltage within specification. O her circuitry not containing a
differential anplifier can be trimed in a simlar way with the appropriate
placenment of probe pads vty i i sing the circuitry
can al so be done usi ng Wﬁ- oS b\RA @§Fowl er - Nor dhei m
tunnel i ng produces interface state generation |ike that done with hot
carrier stressing which changes the offset voltage of the transistor that

is being stressed. ) . . . ) .
This invention will be described with reference to the accompanying drawings, 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 trimming 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 connected between Vdd and
circuit ground. Two transistors 10 11 are connected to Vdd each through a load 12 13. The
source of the two transistors 10 11 are connected together and then to a current source connected
to ground. Probe pads are connected to the gate, the source and the drain of each of the two
transistors 10 11. With the differential amplifier connected between Vdd and ground, the two

inputs of the differential amplifier are electrically tied together, and a stress voltage is applied to



In FIG 2 is shown a nethod for stressing transistors in an integrated
circuit to change an offset voltage to be within specification. Voltages
are connected to the integrated circuit to allow 4 a offset voltage to be
measured 40. The offset voltage is neasured 41 and the transistor to be
trimmed is determ ned 42. Voltages are applied to the integrated circuit to
hot carrier stress the transistor to be trimed 43. The hot carnet stress
is maintained on the transistor to be trimed for a period of tine. The

of f sejne voihe 2g6 trafisistdie 1§, Mdeny. AWitckhe twe lnphts tied wgether] the odthut éfiBe t he process is
repeated until the offset voltage is neasured to be within specification

45.  TdierafBLgHpli@br %illBRhibiD e o8& VORAgeCHT fol Slample! 88 AiffeferBRRirpiferer SUS the
change in offset voltage is used determ ne how | ong the next application of

the hot. cardgie ' l.ed. ~ il i tion has, been

part i%%‘gé% fr9r %%\é%érgt?@, éggtggﬂpgdéﬁd& V\)(Ot]tﬁgerg\ﬁya]serg'rslggg 8%&&9@??@3@1}?38& ment s
thereof, it will be understood by those skilled in the art that various
chang¥ss + A.5Voisapglied uotdithd dwputwy thealiffaehtialvnaplifert bedip d0 thange. fThestréshe spirit
and scope of the invention. CLAIM5S 1. A nmethod for trimming transistors
i N anyJiaes talthted ot upplied @RfiRhd ShPEK of e GARARET AnPHAYOhAiBHS the (R _
Integrated circuit, b) nmeasuring an offset voltage between transistors in

said | of It : m ning which transistor to be trimed, 5
6%?%@%%? hinGitbdit srprQlﬁ&?ioﬁsr g9

d) app rner stress to said transistor to be trinmmed, e)

stressing .said . transjstor a asurin I d offset volt.age between said
transi st or@feﬁr‘ibe.rpggseiaétsﬁ ﬂ\dnéxgﬂﬁ(g{e @Pﬁ%§a§%§§¥%ﬂh??%§$aro 3t vol t age
_maet Sussegetzl(misln];wllhfa:nagnI (}:Qbeam is used to probe the circuitry. Mechanical probe pads can be as large

as 60x60 micrometers compared to 2x2 micrometers for pads probed by an E-beam which saves
considerable space. When an E-beam is used a particular node will be charged to a level that will
cause hot carriers to be induced into the transistor being adjusted. The E-beam energy used is
low, 5-1 KeV for instance, so as not induce E-beam damage. The two inputs to the differential
amplifier are electrically tied together 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. 1 can be trimmed to bring the offset voltage within specification. Other
circuitry not containing a differential amplifier can be trimmed in a similar way with the
appropriate placement of probe pads 15 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

offset voltage to be within specification. Voltages are connected to the integrated circuit to allow

4



2. The nethod of claim11, wherein applying hot Garner stress produces an
interface state generation to produce permanent changes to said transistor
being trinred. 10 3. The nethod of claim 1, wherein stressing said
transjstor. is done using electron beamto allow small contact pads
connected to circuitry to be used. 4. The nmethod of claim1, wherein
stressing said transistor is done using high voltage Fow er-Nordhei m
tunneling to create an interface state generati on to produce permanent
changes tq said transistor in 15 5. A nethod for trinmng
transi of Tt vpitage &9 bs BfashEed 45 r‘%{ﬁ?tggF tegsripmeasHied 41 apd g‘ﬁﬁ’ﬁ‘éﬁt%@ 8ol t age to
a differential transistor pair, b) nmeasuring an offset voltage of said

di f f er etrimmagd is detagnineddst2. Haf)ages A aaeheértwmlmtggrwqﬂ gircuitrta het eprrigr siiesssbe d
differential transistor pair to be trinmed, 6 d) applying hot carrier
stress trensistirdo be timmet 6 Thohdseatrier stmgdiSfr@ﬁntainqdm theltragfsistor te be wimmaglasur i ng
said offset voltage of said transistor pair, f) repeating said hot carrier
stress tortaiperishbfiimd. fThe bffseo voltege oHthe seglated ciremit 3¢ rocasyrad A4 randttlse process is
specification. 5 6. The nethod of claimsS, wherein applying hot carrier
stress pipested emtil s dfRétevoltageds seasuredge be withinapecificatisnotiu The rasum Betihe Changes
to said transistor being trimmed. 7. The nethod of claimb5, wherein

stressi gt §@ihdt édriétSireds & appBedRsas teichghge liesfiseovolagaidiubed detdr@iMe hoW 1bng
contact pads connected to circuitry to be used. 8. The method of claimb5,

wher ei ”tﬁerdef?wtppﬂcaftlﬁﬁﬂfsﬂméB&rcﬁnfépﬁl%gk%ggﬁeﬁ configurations other 10 than said

differentia ansistor pair 1s done using the hot carrier stress

1 e}c hni que. While the invention has been particularly shown and described with reference 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.



9. The nmethod of claim5, wherein stressing said transistor is done using
‘hi gh vol tage Fow er-Nordheimtunneling to create an interface state
generation to produce pernmanent changes to said transistor being trimed.
10. The method of claim9, wherein trimmng transistors connected in
configurations other 1 S than said differential transistor pair is done by
using the high voltage Fow er-Nordhei mtechnique. 7 .A A AU
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generation to produce permanent changes to said transistor being trimmed.

10 3. The method of claim 1, wherein stressing 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 using high voltage
Fowler-Nordheim tunneling to create an interface state generation to produce permanent changes

to said transistor being trimmed,

15 5. A method for trimming transistors in a differential circuit, comprising:
a) connecting voltage to a differential transistor pair,
b) measuring an offset voltage of said differential transistor pair,

¢) determining which transistor of said differential transistor pair to be trimmed,
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7. The method of claim 5, wherein stressing said transistor is done using electron beam to

allow small contact pads connected to circuitry to be used.

8. The method of claim 5, wherein trimming transistors connected in 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
Fowler-Nordheim tunneling to create an interface state generation to produce permanent changes

to said transistor being trimmed.

10. The method of claim 9, wherein trimming transistors connected in configurations other
15 than said differential transistor pair is done by using the high voltage Fowler-Nordheim

technique.



