; PRECISICN TERM NATOR CIRCU T 5 ' Background of the

| nvention The present |nvent|on relates to a circuit ar term nating a bus
line or network in a preci si on‘i npedance and, nore 1 Parkizgharly, to
providiing term nation for a snmall conputer systen1|nterface (SCSI) to which
SCSI peripheral devices are coupled through a cable bus in order to
mnimze line reflection. There are many circuit applications conprised of
a bus network or line in which the bus nust be termnated in a proper 1 5
"Thevi nen" ternination. FoOPREGISION TERMINATORGIRCUIbuUt er peri pheral

devi ces such as printers, "TTOUENE ang Lo T re=eerreye=rtt wor ked or dai sy
chai ned together using a cable or bus connected to the respective SCS

out puts of the devices and the .conputers wherein all signals are conmon
between the SCSI 20 devices. In order to reduce or inhibit induced signal
refl ecti on onto the cabl e, th ends of the cable or
bus beMermnated inits chabﬁ@%@(&gﬁ 8Pﬁﬁghzﬁ%€8%s9plcally, two of the
dai sy chai ned SCSI devices in the network nmust present a matched .
term nation i npedance to the cable bus, those being the devices at 25 the

extrenme ends of _the bus network. In the I ndustry, as set by the Accredited
St andar ds Commi tkhe: present: invantion dfﬁ'&'fﬁﬁad@n@e qiecyit Jor dtarmipatingiia of

wih Lhe i oS '§§°°9*é?‘.%‘ﬂ"°?ﬁte?ﬁ%2 S tf’?ﬁﬂ Ut of the
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t ermi nat or net wdherer ane stanye ciouib @pplicationsh compriged 0b adpsugged into
a socket Ohehwbie dretiRb " WRICHOIRY L Bhs " Pludt e dRYhfifafisd 'iRY9a2prépér

term 'ﬁ% pThevunen termination. For example, computers and computer
peripheral devices such as printers, modems and the like can be
networked or daisy chained together using a cable or bus
connected to the respective SCSI outputs of the devices and the
computers wherein all signals are common between the SCSI

20 devices. In order to reduce or inhibit induced signal reflection onto
the cable, it is important that both ends of the cablie or bus be
terminated in its characteristic impedance. Typically, two of the
daisy chained SCSI devices in the network must present a matched
“termination impedance to the cable bus, those being the devices at

25 the extreme ends of the bus network. In the industry, as set by the
Accredited Standards Committee, this termination impedance is
provided by a pair of resistors series coupled between a power
supply conductor and logic ground with the interconnection
therebetween being coupled to the output of the terminator 'circuit

30 to the bus. The value of the resistors are specified to be 220 and
330 ohms respectively in order to provide an effective impedance



unit. To connect the termnation network to a particular peripheral device,
an appropriate resistor array is plugged into a provided socket. If no
term nation network is required in a particul ar device, the res$§ cay
is either omtted or nust be renoved (if 10 another device in net wor k
already has a terminator circuit inserted therein). However, if the =~
peri pheral device including the termnator circuit is renoved fromthe
network then a remai ni ng peri pheral device nust have a termnator circuit
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second peripheral dewce must have a terminator circuit inserted therein
to insure minimum line reflection. This need to manually insert
15 and/or remove the resistor array network is highly undesirable.
Therefore, a need exists for providing a terminator circuit
that can be permanently inserted in SCSI devices and which can be
activated or de-activated by the device to either switch the circuit
onto the bus or not respectively as required to provide the
20 impedance matching.
In addition, it is desirable to fabricate such a terminator
circuit in integrated circuit form while maintaining resistor
tolerances to + §%.

25 Summary of the Invention

In accordance with a first aspect of the present invention
there is provided a termination circuit for selectively providing a
predetermined impedance at an output, comprising:
30 first and second power supply conductors;
first and second trimmable resistors each having a first
and second end, said first ends being coupled to the output;
switching means responsive to control signals applied
thereto for selectively coupling and de-coupling said respective
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- end of ‘said first trimmuable resistor for passing high current pulses 5
through said first trimmble resistor such that the resistance thereof is
trinmed to a predetermned-val ue; and second unilateral conduct SG06P92€
coupl ed to said second end of said second trinmable resistor for passing
hi gh edrrent pul ses through said second trimuable resistor such that the 1
0 resistance thereof is trinmed to a predeterm ned value. In a preferred
enbodi ment the second ends.- of the trinmable resistors are coupled to

r espect i vesecomd: endshafssaich firsb @nd esgcqnd cttimimaide resistarg tpsaidng a

forward bi the particular trim
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tri mmabl e resi st orﬂfStI Hnilatenal sperdurtinga means (Ceupled tor said secendi on
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are lrespec(tjheméqt cs)ltphadeahdloda mqbétm‘nhaedevahie,r andand second power
supply conduct ors,

of polycrystalline é?gﬁéoﬁhﬂ% ﬁlﬁ&ﬁ({tﬁ{g 9?“1% g?ﬁr‘#%‘f@?a?? %'r%c?a.} t he
first resi enck ofosaid raecend dei temstmf for passingt highe mreem ned 25
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to tri reS|stan to a con er.m
Brief 1 scf?%'tsl tancer t Qf@ Hinit H&mpﬂzﬁolal PrﬁgQ&f Pﬂgvﬁ\“d ram
i I'lustrating théntgrprefetree embediment thecsedondeendshot heptrimemable
mient o0 @i e iR 18, fphRcive"tiH AR Via oBESUY
poled diodes whereby applying a forward biasing potential between
the output and the particular trim terminal the current pulses are
15 unilaterally conducted through the trimmable resistors.
in accordance with a second aspect of the invention there is
provided a method for providing an integrated precision active
terminator circuit having an output and a pair of resistors one end
of which are commonly coupled to the output and the other ends of
20 which are respectively coupled and de-coupled between first and
second power supply conductors, comprising the steps of:
forming the pair of resistors of polycrystalline silicon;
pulsing a high current unilaterally through the first
— resistor to trim the resistance thereof to a first predetermmed
25 value; and
pulsing a hngh current unilaterally through the second
resistor to trim the resistance thereof to a second predetermined
value.

30 , Brief Description of the Drawings

Fig. 1 is a schematic diagram illustrating the termination
circuit in accordance with the present invention; and



Det ai |l ed Description of the Preferred Enbodinent 5 Turning to Fig. 1 there
I's shown termnation circuit 10 of the present invention which is suitable
to be fabricated in nmonolithic integrated circuit-form As illggogrggc
termnation circuit 10 is a one bit termnator, i.e., it provides
termnation at the 1 0 characteristic inpedance of a bus line couplet to
output 28 for one bit of signal information. Bus termnation circuit 10 is
coupl ed between power supply conductor 12 and ground 14 and i ncl udes PMOS
field effect triigi & és ddayout diageamobdf vehiprecisionorgsistort usednirudher 12

and whose rra'banitsirf\@:rm@ﬁi to precision resistor 18. 1 5 Resistor 18 is
coupled in"serres wth resistors 20, 22, and precision resistor 24 to the

drain of NMOS field effect transi stor 26, the source of which is returned

to logic ground 14.pdtafiedDescripashi of the' PWreferred Embadimentd 22 is
connectéed to output termnal 28." A pair of diodes 30 and 34 are

respectM vely coupled 20 between trinm ng pads 32 and 36 and the
i nt er connect i on Tagmnirg nto d<igst brthere, i2@hawhn 2drminatiodi circaitl 10 wof thel e

Shac L2 BRROREANORGH A i B R ERLaTEd g ™
nul tipl e téntagrated circuil formay A tilusirated. tecminatiane circuiti 10 isa

present inyp iip tethiiAatorRe.,! it Previfes’ deminalfon ' At ithg/nderstood that
| i ke copponents of,termnaqtsg circuit ' th res

ci r cuit0 10 ChRAEagteyigli iapadanse @f ?epégew\é\n% %M@Pgﬁegé qt’gté'g% t? :999
cihrcuitg ;? bits afosigreai Wdrmam{mﬁi Bus Otle?mﬁﬁatipnrt:!rcuitapmule bbuplwgngtr:te ed,
et et oo o, Bl ELGRRY AR 1 St ohSUA%13' B8yl
t her eby t uRMAS theld effeatstransistar o168 theeiseyce cob avhichl js ceopplad; tor
de- coupl i ngondfict6F £ Urd WhBB"dPaiRPls datipled?té tedisidRdrédistdf .t hus 4
15 Resistor 18 is coupled in series with resistors 20, 22, and
precision resistor 24 to the drain of NMOS field effect transistor
26, the source of which is returned to logic ground 14. The
interconnection between resistors 20 and 22 is connected to output
terminal 28. A pair of diodes 30 and 34 are respectively coupled
20 Dbetween trimming pads 32 and 36 and the interconnection between
resistors 18, 20 and 22, 24. Similarly, multiple switching
terminator circuits such as 10' may be provided for terminating
other bus lines coupled thereto at 28' wherein the impedances of
the multiple terminator circuits may be trimmed in accordance ~
25 with the present invention using common trim pads 32 and 36. It is
understood that like components of terminator circuit 10' with
respect to terminator circuit 10 are designated by prime reference
numerals.
If termination circuit 10 is to provide termination to a
30 particular bus line connected thereto at output 28 complementary
enabling switching signals E and E are applied to the gate

electrodes of transistors 26 and 16 respectively thereby turning
the transistors on and thereby selectively coupling or de-coupling
the resistors between supply rail 12 and ground 14. When thus
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- SC06792C enabl ed, a first predeternined inpedance is presented between
supply rail 12 and output 28 to the coupled bus line while a second

predet ernined inpedance is presented between ground and out put Si8pel7b2gd or
exanple, termnation circuit 10 is to be utilized in 5 conjunction wth a
SCSI -network, the industry has set the standard val ues of these two

| npedances to be 220 and 330 ohns respectively. Hence, the total inpedance
presented by the on resistance of transistor 16, and resistors 18 and 20

nust be 2Z&mnabied, pau&rs(trprﬁdntermmequlmpedaocer is presented: hetwaen e t hat
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curr uIs rough the, respstor i resi,s val ue decreases |n a
kﬁo eIntﬁra i(é) sus é 8 Eﬁ%ﬁp@obéna"ézér "fﬁidé $\§th Mm% RIMPuLrt han
ded somimats a]tolearaaa bce en Pypival ﬂhelees eotiveoimpedanud
}nﬂ?l?egratsgqa@u gllJéIJe ES § feebe %Zzg y;’etglgé?‘tg t he |Prrpe?j,ancesp bet ween
out put 28 "an suppl é @ Spgﬁ re§b§%§H greater than 220 and 330
Y
ohns. Ther ef or el efmidation reiscuitol & adlows: tmnmmg ofi resisters 20 aod

t ce, t 0] u & n
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OLne o U e U % 18shbLVER ald 1d brack8E"DaflabbASSS 1A' §4RerS), A PO 1S
resistors of termination circuit 10 are polycrystalline silicon
resistors formed in the integrated circuit using conventional
20 processing techniques. Trimming of polycrystalline silicon
~ resistors is known and is accomplished by using short duration
high current pulses. As current is pulsed through the resistor its
resistance value decreases in a known manner. Thus, resistors 20
A and 22 are made greater in value than needed so that in the
25 fabrication of circuit 10 using conventional integrated circuit
techniques it is ensured that the impedances between output 28
~and supply and ground respectively are greater than 220 and 330
ohms. Therefore, the two resistors can be trimmed in production,
for instance, after packaging of the circuit, to reduce the
30 impedance thereof to meet industry standards. To trim resistor
20, common output 28 is brought to a higher potential than trim
pad 32 while all other terminals and trim pads are left floating
which diode isolates resistor 20 from any other bits coupled to
trim pad 32. This forward biases diode 30 and permits pulsing
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5 SC06792C current therethrough as well as resistor 20. Current pul ses
are applied until the resistance of resistor 20 is reduced to a value such
that the total inpedance between supply rail 12 and output 28 i g§®66 5
requi red value. Likew se, resistor 22 is trimed by forward 5 bi asi ng I ode
34 by applying a positive potential between trimpad 36 and out put 28 and
pul sing current through the resistor while all other termnals are |eft
floating. In normal operation, trimpads 32 and 36 are tied to rails 12 and
14 respect icustent theeethogughi asi welk las vesister 20 recu;nrent milsesdare,

active swi raﬁpm %rﬁltﬂ’ié“r‘%%tu%t%c@ b?“fésuéﬂ:rpé@"ié’ tﬁch vgwedance
f 132 oh h t t b
Sabi o connauichy that Eﬁepﬁqtaiamngém%ée“ e&&é&ﬁ‘; %@‘%é’mmm 28, ¢

t hte par asi ﬁs cthey araQu@hewamlughermbwr:eet hesietrbg i gat is)ftrlﬁgnfg?ﬁlﬁr;ﬁTgngrarcti Con
r

of s or i nabiesing bided 38 By;8Polifig A BBsitvd Mdjertia Bameen i padi .
t he manner 3eand houtpaito28 andhpulsingecuerethtothrough thes résSistord viltilewnall

. ; )
mmde wi der ?’?ﬁaﬁd‘ﬂi’s“"g?‘% Yo I8 TIBENng, ' B oAl Spetdnd o bt pads, ° )
and, if th82rage Sfdarertiedcta: falst2 |@and d« irospestively.edThus, by possibl e
to trim refﬁhﬁirﬁfn O \2éiuarst 0f WesisRits! 2Oty @2' cthre %Mtgﬁ li con

resi stors i8 and etxel Sl st or he tri| med ai sing the
botenti® 1erinafien Heirguy 1L aTovides, a0, sRecie Impesanee of 2ur r on
through thehths forsmtchingito ithel gharactéristier inpedance pftheeSCSPrbst may

be tri med, 'b'le(e ﬁﬁ?ﬁ@*é&@@@‘@??' m pads 32 and 36 may be elin nated by~

directly cSRReLt fode 30 and the anode of diode 34 to

rails 12 and 14 Daslpedtnmdlqdewd:h pd2, pdisand pd2: agecthey panasitic: drainal
appl ied al diedgy! interdritNirl thBCFabfieatiah' of dthe' FETs th lifitegratbYCCirclit’ ' N9
test, eéth%rrﬁe‘:'\'ns oarre norma y reverse bias during operation of termination

circuit 10. It is possible to trim resistors 20 and 22 in the manner

described above without the need of trim pads 32 and 36 and

diodes 30 and 34 by taking advantage of these diodes. If resistor

18 is made wider than resistor 20 and resistor 24 is wider than

20 resistor 22 and, if the magnitude of the current pulses is
controlled, it is possible to trim resistor 20 or 22 without also
trimming polycrystalline silicon resistors 18 and 24. For example,

resistor 20 can be trimmed by raising the potential at output 28

with respect to supply rail 12 and pulsing current through the -

25 resistor. Similarly, by forward biasing pd2 resistor 24 may be
trimmed. Likewise, the need for trim pads 32 and 36 may be
eliminated by directly connecting the cathode of diode 30 and the
anode of diode 34 to rails 12 and 14 respectively. Hence, by raising
or reducing the potential applied at output 28 with respect to rail

30 12 or 14 respectively during test, either resistor 20 or 22 is
trimmed in response to pulsing current therethrough.

Precision resistors 18 and 24 are provided to offset changes
to the on resistance of the MOS transistors 16 and 26 due to
process variations. Turning to Fig. 2, resistor 18, as is resistor
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trinmmed in response to pulsing current therethrough. Precision resistors 18
and 24 are provided to offset changes to the on resistance of the MOS
transi stors 16 and 26 due ‘to process variations. Turning to Fi g8CH6792C
resistor 18, as is resistor 6 SC06792C 24, is shown to be a digitized
resi stor having nmultiple fingers 40, 42, 44, 46, etc. formed of

pol ycrystal line silicon. Contact openings 48 and 50 are fornmed to

I nterconnect resistor 18 between the drain of transistor 16 and resistor

20. |f due24o iprshewn darbet aodigitized resistamtvavingr emusltiple dingerso 40je

channel | egal o 48 9. Storndd bf5 pOIpERATAHine ilfcon 2SI Co Rt bﬁsh si5

hat causes shorten

ooncet! | RBCHRG b are Taralad B, intarenanech reRlot 18 Betweon the, avs
Inf:lr g S\t/verle n dTngﬁarms&ﬁs 16#1andsasesistoc@©f trllh@uee&bSbméeés? *@g%?léﬁé m10et lhe
thg ch ngghgn%ﬁguﬁ%wggs ﬁ é%ﬁaﬁeiﬁ ﬁgé %ﬁgﬁéﬁtieﬁaﬂ}tgﬁé@%%@# ri bed
above is dspsbortenad dhet onstesistancet therecft ois reduced. usdowever, rtlaéuce
ref | et ed gafiga oﬁ@sé "Vaflifioh! Bat*kaB588°BhbMRrind °Bf R oABrHERodance

that 15 i errstrc |l "I ne coupl ed

t hereto. ‘I‘ﬁ@gzm W@ zﬁ’ﬁ@ gaysecths fingersc of |[ﬁ§|$t§15r 1 8a0&d24nta rhecpmeed
circuit fcriamrawérl nCThi%e%a@slw Ithef rgistamy Qafpﬂwcrfééﬁiét@r's' 5 incréAse.

oo 10 5 1B SR, 8BRS eRidh) of 168 eaistds, R et " it SertarHi or

7 800676)‘2529*(5 ¢heL chang® *in the transistor on-resistance.

-~ - Hence, what has been described above is a precision
switchable bus terminator that is useful to reduce reflected
signals on the bus line by presenting a termination impedance that

15 is matched to the characteristic impedance of the bus line coupled
thereto. The switchable bus terminator can be fabricated in
integrated circuit form and includes a pair of trimmable
polycrystalline silicon resistors the resistance of which can be
trimmed after packaging dunng test to provide a premsnon

20 impedance at the output of the terminator.



CLAI M5 5

1. Atermnation circuit for selectively providing a

predet erm ned i npedance at an output, conprising: first and second power
supply conductors; first and second trimmable resistors each havgopeyd2Cst

an [d first ends being coupled to the output; 10
S '“ﬂiﬁﬂﬂ B. Eahponsive to control signals applied thereto for -
sel eClt .1g and de-coupling said respective second ends of said

first and second trimuable resistors to said first and second power supply

conduct or s;
end of said first trimmble resistor 10 g high current pul ses

through said first trimmable resistor such that the resistance thereof is
trimmed to a predeterm ned val ue; and second unil ateral conducting neans
coupled to said second end of said second trinmmable resistor for passing

the r osBst ance. t Her Borermiatih Bichic TEChelectyBly, RbFiiby a e

t er m nat i onprédetermioedclimpedande:rati ans autputy comprisimgans i ncl udes; 25

a first transistor AnbhHr gﬁﬁ* ' e | Lrst, second and
control el ectrodes,f?'fsséi 8BP| F%?tcsgﬁcej tr ogdfcﬁlgmn %@ﬁgf’gg"{so said first power
suppl y conductor, st anghsecand itrigam

first unilateral conductin&lAME coupl ed to said second 15

said first andnsebbadrends sid At sends dssingocoapled 'tedthe igput;ng said

contro i gnal s;
q

O e TEwitbhing  means TeRBOKive LA FednEpL SioBalks drislien 1, ¢

conduct

a second transi st,or

el ectrode btHiergtootprt esblectively ceupling carndoideseodptingosaid r respédtive

resi stor,
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nfirstt pod Second pawer Ssupplywsongduetees;d first and

3. The ter
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first unilateral conducting means coupled to said second
end of said first trimmable resistor for passing high current pulses
through said first trimmable resistor such that the resistance
thereof is trimmed to a predetermined value; and

second unilateral conducting means coupled to said second
end of said second trimmable resistor for passing high current
pulses through said second trimmable resistor such that the
resistance thereof is trimmed to a predetermined value.

2. The termination circuit of claim 1 wherein said switching
means includes; :

a first transistor of a first conductivity type having first,
second and control electrodes, said first electrode being coupled to
said first power supply conductor, said second electrode being
coupled to said second end of said first trimmable resistor and
said control electrode receiving said control signals; and

a second transistor of a second conductivity type having
first, second and control electrodes, said first electrode being
coupled to said second end of said second trimmable resistor, said
second electrode being coupled to said second power supply
conductor and said control electrode receiving said control signals.
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second transistors -are_formed in the integrated circuit and are PMOS and

NMOS field eff ansi stors r-espectively and said first, 5 second and
control el ect JW drain and gate of the respecgcvog7gp_c
transistors. W’ICII’CUI'[ of claim3 wherein said first

uni | ateral conduct i ng dears kMcludes a first diode coupled between 10 said
second end of said first trimmble resistor and a first termnal for
passing said high current .pul ses fromsaid output through said first
trimmuabl e resistor to said first term nal responswe to a predeterm ned

potential of a él r gepfgﬁﬁi{@ﬁdiﬁ'cg&:lﬁf’gﬁf ‘%ﬂa Qsﬁlﬁé}%lﬁ’u%gi‘& fﬁ%uc?ors ar e

first term nal sal d seco power con

left float $ﬂ§°ng tfﬂﬁ'@'$*@($n aea i flormad dni therintegrated \ﬂ'f nehiaresecond
uni | at er al megnmmmsmamlemst @ra&ﬁsiemsdr@sbemyednaeswrfm' d
second_end_of s econ rllrrmab e esqhor an . _Sec {ﬁjer &ﬁ for
passi ng saSeeHn ha@ r?%t[r t)lﬂ eclrodes Are,; es%%%‘?ﬁ?t Wn%\" tﬂ? (5’21 d
second trirespeetivesitsansistorsut put responsive to a predetern ned potenti al
of a second polarity being applied across the output and said second

termnal while sal d first and second power supplrgl conductors are |eft
floating. 25 6.4ThEhectermination Gireuittobrclaimi @ whareisi saidi firsti r st

uni | at er al yAPAYIAN | 'én CABHMS SAchito P éfFr'st ang%a'dwiﬂedebéﬂ&ssﬁ
bet we sald. ra| n sal d s ﬁ %nﬁLstor fl Sal wer supply
conduibo nlslaéé = end'e§t$ 0 ﬁﬁl ses the

_pa(rjaSI tljc td!rmmaﬂlfodepaesmgd gaitivhigh ;urdlent P uiseﬁ froml §@|@0m:t ugnsi SE Orf
- and sal I, ci rcui 0}
claim5b orfiégnﬁﬁ%hg%ﬂgp %'@M@c?ﬁ&'%@cﬁé lﬁ;&eﬁf g'rh @%‘ d first
preci si on fesgansivebto ng prageterninede potential ufcandirst epnlaam béingni d
first tranghshi@d aBfoss the output and said first terminal while said first

15 and second power supply conductors are left floating.

5. The termination circuit of claim 4 wherein said second
unilateral conducting means includes a second diode coupled
between said second end of said second trimmable resistor and a

20 second terminal for passing said high current pulses from said
second terminal through said second trimmable resistor to output
responsive to a predetermined potential of a second polarity being
applied across the output and said second terminal while said first

— and second power supply conductors are left floating.

25 ' -

6. - The termination circuit of claim 3 wherein said first
unilateral conducting means comprises the parasitic drain diode
formed between said drain of said first transistor and said first
power supply conductor and said second unilateral conducting

30 means comprises the parasitic drain diode formed between said
drain of said second transistor and said second power supply
conductor.



said second end of said first trimmuable resistor and said second 5
reci sion resistor being coupled between said first end of said second
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Mlit according to any preceding claim10 wherein said Tirst
and Second' tri nmabl e resistors are pol ycrystalline silicon resistors. 97 A
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subst ant i asegoad transistoefand saidc sesondvwend pbisaidnsecond: rimmakiepanyi ng

dr awi ngs. tesi frethod for providing an integrated precision active 30

terminator Circuit substantially as hereinbefore described with reference
to the acconpanyi ng drawi ngs. 10

8. The termination circuit according to any preceding claim
10 wherein said first and second trimmable resistors are
polycrystalline silicon resistors.

9. A method for providing an integrated precision active
terminator circuit having an output and a pair of resistors one end
15 of which are commonly coupled to the output and the other ends of
which are respectively coupled and de-coupled between first and
second power supply conductors, comprising the steps of:
forming the pair of resistors of polycrystalline silicon;
pulsing a high current unilaterally through the first
20 resistor to trim the resistance thereof to a first predetermined
value; and
pulsing a high current unilaterally through the second
resistor to trim the resistance thereof to a second predetermined
value.
25
10. A termination circuit substantially as hereinbefore
described with reference to the accompanying drawings.

11. A method for providing an integrated precision active
30 terminator circuit substantially as hereinbefore described with
reference to the accompanying drawings.
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