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The Use of Hot Carrier Effecm to Trlm Analog Transistor Pair o

Baclgggund of the Invention

1. Field of Invention
Thlsmventlonrelates to mtegratedcrrcmtsand mpartleularto mnnmng trans:storsm

analog circuits.

2. Description ofkemed At

- As analog mtegrated circuits are created with sub-mlcron technology it is becommg more
- and more dxﬂicult to trim pairs oftransxstors that form a dlﬂ‘erentlal circuit or other cntlcal
conﬁguratlons Conventlonal tnmrmng is done by laser tnmmmg res1stors in the cn'cmt or by |
' addmg an EEPROM. A means is needed to adJust oﬂ'set voltages or threshold voltages wn:hout -
.requmngaresmtlve devrcewhlchlsbecommgqmtesmalltobetnmmed

InUS 5,808, 272 (Sunet al.) lsshownalasersystemandprooessmg method for

ﬁmctlonally trimming semlconductor devroes wrthout mduemg performance dnﬁ or malﬁmctlon
' mcludmg spurious optoelectric response in ad_]acent clrcultry InUS 5, 587 665 (Jiang) a method ; -'
usmg a speclal test clrcurt tests performanoe degradatlon resulting from hot carrier stress. In US _
4, 182 024 (Cometta) apulsedlaser:s usedto tmntransrstors macombmed blpolar andjunctron a

| ﬁeldeﬁ'ectmtegratedclrcuntoachleveabalancedclrcmtperfonnance |

As semiconductor geometry's shrmk and tmmmng of&et voltages becomes more dlﬂicult ' _'

' -'methodsotherthanlasertmnnnngbeeomennportant 'I‘hesemethodscantaketheformof



altering transistor characteristics ratherthan laser trimming resistors to achieve_enoﬂ'set thatis

. within specification. Bv doing this the geometry's are not affected and extra space innot allocated o

‘to product trimming,

SUMMARY OF THE ON_

 Inthis invention a method i described to trim the offset voltage of an analog differential

N - transmtorpaxr ’I‘hemethoddescribedcanbeusedforothercxrcuxtswhereanoﬂ'setorthteshold |

voltage needs to be adjusted to bnng the partlcular circuit into speclﬁcatlon. In the circuit

example used to demonstrate the method ofthls mventlon, adlﬂ‘eremlal amphﬂer is connected

| betweeandandclrcultground Externalcontactpadsareconnectedtoeachtermmalofthetwo_

transistors in the differential amplifier. The size of the pads are dependent upon the method of

electncalcontactandarelargerwhenmechamcalprobesareusedthanwhenanelectromcbeam:s o

used.

Thedlﬂ‘erentmlamphﬁenspoweredonwnhmputsconnectedtogether andtheoﬁ'setof

'. thetransmtorpalrlsmeasured Ifan offsetmexcess ofa speclﬁcatlonxsmeasured, one of the
trans1storsaretnmmed Thetnmmmglsdonetothe selectedtranmstorbyhot carnerstressmg
‘ that trans1stor for apenod oftlme to cause permanent damage to the transistor in the form of
| mterface state generatlon. This changes the threshold voltage of the tranmstor a.nd the |
' 'correspondmg oﬂset voltage of the dlﬂ'erentxal trans1stor pa:r The rate of offvet voltage reduction
_ | lsnotedwrthrespecttotheamount ofstresstlme andadd:txonalstress:spro;ectedbasedupon '
‘the prewous changes in offset voltage The process is repeated until the offset voltage is w1thm

'speclﬁcatlons



i

Other high voltage stress like Foﬁvlét—Nordheim tunneling‘ can be used to produce o

permanent damage to the transistor bemg tnmmed and change the trans:stors threshold voltage In |
- addition toa differential transrstor pair c1rcmt other circuits can be tnmmed using the method of
this invention to adjust the threshold voltage ofa transxstor to bring the actual charactenstlcs of a

| ,cn‘curt wrtlun specrﬁcatlon.

BRIEF DESCRIPTION OF THE DRAWINGS.
‘This mvermonwﬂl be described with reference to the accompanymg drawmgs wherem. :
. FIG. l:sacn-curtdlagramofadlﬂierentlalclrcurttobeu'mnned,and _
FI_G.21saﬂowdlagramofthcmethodoftnmmmgtheoﬁketvoltage_ofe&iﬂ‘erential
DET ED DESCRIPTION OF THE P RRED EMBODIMENT -

" IFIG. 1 is shown a circuit diagram of a differential amplifier connected between Vdd and

 circuit ground. Two transfs_tors 10 11 are connected to Vdd éach through aload 12 13. The

~ “source of the two transistors 10 11 areconnected together and then to a current source connected

to ground.Probepadsareconnectedtothegate,thesource and the drainofe_achot'thetwo

 transistors 10 1. 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



one of the two emiaom 16 and 11. With the.two inputs tied together, the output of the. :
dlﬂ'erentxal amphﬁer will exhibit the oﬁ'set voltage If, for example the dlﬂ'erem:lal amplifier is |
deslgned fora 5V operatlon, a gate to source voltage Vs =2.5V and a dram to source voltage

Vps=75V is apphed until the output of the differential amphﬁer b egms'to change. The stre'ss

_ voltage 1s contmued to -be 'applied. untxl the o'utput_ of the d:ﬂ‘erent:al amplifier indicates that the .

offset voltage is within clrcurt speclﬁcatlons

Theprobepadsls shownlnFIG larecomlderablylargerwhenmechamcalprobmgls B .

usedthatwhenandE-bemmsusedtoprobethec:rcmtry Mechamcalprobepadscanbe aslarge :

as 60x60 nncrometers compared to 2x2 rmcrometers for pads probed by an E-beam which saves

considerable space When an E-beam is used a partlcular node wﬂl be charged toa level that w1|1 :

| causehotcamerstobemducedmto thetransxstorbemgad_]usted TheE-beamenergyusedxs

- low, 5-1 KeV for mstance so as not induce E-beam damage The two inputs to the dlﬂ'erentlal o

. amphﬁerareelectncallytled together and the amphﬁer oﬁ'set 1se1ectnca]ly measuredatthe
outputofthedlﬁ'erentwlamphﬁer

' Theprevxous discussion has shown howtheoﬂ'set voltage of the dlﬂ'erentlalamphﬁer
ciretutshowanG.lcanbemmedtobnngtheoﬁ%etwoltagemthmspeclﬁcatlon._Other_
*cirouitry not containing a differential amplifier can be trimined 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

generatlon like that done with hot carrier stressmg Wthh changes the oﬂ'set voltage of the
 transistor that is bemg stressed |

InFIG 21sshownamethodforsﬁessmgtransxstorsmanﬂegratedc:rcmtto changean -

oﬂset voltage to be within speclﬁcatlon. Voltages are connected to the mtegrated cncu:t to allow _ |

4



. a offset voltage to be measured 40. The .oﬁ'_set‘ voltage 1smeasured41 and the transistor to be >
trimmed 1s determined 42. VOltages are applied to the integrated circuit to hotcarner stress the
tiansistor to be trimmed 43. The hot carrier stress:is maintsined on the transistor o be trimmed
for a penod of time. The oﬂ'set voltage of the integrated cn‘cmt is measured 44, and the process is
N repeated until the oﬂ’set voltage is measured to be within- specrﬁcatron 45. 'I'he amount oftrme |
' that the hot carrier stress is applled VErsus the change in oﬂ‘set voltage is used determme how long
the next apphcatron of the hot carrier stress is apphed
While the invention has been partlcularly shown and described wrth reference to preferred -

_ embodrments thereof, rt will be understood by those skrlled in the art that various changes in form .

 and details may be made wrthout departmg ﬁ'om the spirit and scope of the mventron.
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CLAIMS : :
1A method for tmnrmng transxstors inan mtegrated circuit, eompnsmg

.a) cormectmg voltage toan mtegrated clrcult
b) measuring an oﬂ'set voltage between translstors in said mtegraxed circuit,
c) determmmg wluch fransmtor to be mmmed,
'-d) applymg hot carrier stress to said trans:stor to be mmmed,
- €) stressmg saldtransxstorand measunng said oﬂ’setvoltagebetween said tran51stors, |

-t) repeatmg said hot carrier stress until saJd oﬂset voltage meets speclﬁcanon.

2. The method of clann 1, wherem applymg hot carrier stress produces an mterface state

generat:on to produce permanent changes to sald transmtor bemg tnmmed

3 The method of claun 1, wherem stressmg said trans1stor is done using electron beam to _

_ allowsmallcontaetpadsconnectedtoc:rcmtrytobeused

4 Themethod ofclaim 1, wheremstressmg saldtxans:stor:s doneusmgh:ghvoltage

F owler-Nordhelm tmmelmg to create an mterl’aee state generatlon to produce permanent changes

tosmdtranslstorbemgmmmed

| s.Ade'ernmgmwmhammemm,m@ﬁﬁng:
a) eonnectmg voltageto adlﬂ‘erentlal transmtor pan', '
, b)measunnganoﬁsetvoltageofsalddlﬂ‘erentlaltranslstorpmr,, .

¢) determining which transistor of said d:ﬂ'erentlal transistor pair to be trimmed,

L M



d) applying hot carrier stress to said transistor to be trimmed for a period of tlme, o
€) measuring sald offset voltage of saxd transistor pair, |
t) repeating said hot carrier stress until said offset voltage of sa1d trans:stor pair meets

_ s_peciﬁc_ahon.

5 6. The method of clalm 5 wherem applymg hot carrier stress produces an mterface state

_ generauon to produce permanent changes to sald transistor bemg tnmmed.

1. ThemethodofclannS wheremstressmgsaldttans:stonsdoneusmgelectronbeamto |

allowsmallcontactpadsconnectedtoclrcmtrytobeused

8 ‘The method of cla:m 5 wherem tnmmmg trans1stors connected in conﬁguratlons otber

10 _' thansmddlﬂ'eremmuanmstorpaulsdonebyusmgthehotcamerstresstechmque

9, Themethodofclams wheremstressmgsatdtransnstorlsdoneu&nghlghvoltage o

Fowler-Nordhelm tunnelmg to create an mterface state generation to produce permanent changes

tosaldtransnstorbemgtmmned.

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.
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