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In addition to controlling the slew rate of the output signal, the use of

the programmable resistance pre-driver circuit may also be advantageous to
overcome chip-to-chip parameter differences due to variations in voltage,
temperature, and manufacturing process.

30 For even slower slew rate requirements, the invention may also
implement a staged turn-on of the output driver legs. This gives a slower
possible output slew rate than possible with edge rate control of a single

output driver leg alone.
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vol tage source zs (ground) and output pad 1 8. The output drive deviges

227, 227a, 228 228a, are each controll able via respective correspondiing
pre-drive circuits which belong to the pre-driver stage 232 whose
respective source i npedances RSC and RSp are progranmable via the
progrannable cur nt source 231 accordlng to the pr|n0|ples dlscussed above
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9 ' the pre-drive signals 216, 216a, 226, 226a such that output drive
devi ces 227) 227a, and 228, 228a turn on/off in a staged manner. It wll be
appreci ated that one programmbl e current source 231 may serve to set, and
al so mai ntai n through conpensation, the drive level s (source inpedance) of
an arbitrary plurality of output driver stages; e.g~, for an entire bus. It
wi Il further besigppteciiated g, ihath tibmceso/dlhlneveabeloyl aidhmslameptimearibéwicary
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circuit, said nethod cor’grlsmg the steps of: adjusting (sz) a first
current flow n@Mrep@§A-&Viirst pre-drive deV| ce (14 s 15, 24, 25, 113,

or el dr i ve si gnal ( DAARRPBHREERRTRLETE R ARG R Petl
control |l ing (34an exfarnakscurtewf nglam desinsiaal 1@9 oﬁfhe d3ip, chakacteidaed Biz/a,

228, 228a) using said first pre drive signal (DATA' ) to drive said digital
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wherein said aq}df%?%@ sal Irg?ﬁ@ ﬁalﬁr@g hﬁﬁg?@ééto"f‘l-'\flePEH

resi st ance (RSC evice device to contr sal
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In operation, Verog equals Vgrer, within the error limits of the feedback

loop. A gain of forty in the error amplifier 106 is a reasonable gain and will
keep Vprog 109 within, say, 50 mv of Vrer. Second, the characteristics|of
25 device 108 are included in the feedback loop. This means that the gate
voltage Vasn (which is also NGATE 119) varies as needed to
advantageously null variations in Vprog that are due parameter shifts in
device 108 arising from temperature and process variations. Thus, NGATE

varies in a way that can be used to supply compensation to other devices
30 that experience generally identical parameter shifts for those same process
and temperature excursions.
So, for example, if device 108 is considered "fast" (i.e., the currgnt

through the device is relatively large for a given Vggn) compared to a
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step conprises: adjusting a second source resistance (Rsc, Rsp) of said
second pre device device to control said second current. 5. An apparatus
for controlling the slewrate of transition edges of a digital signal|l (PAD)
on a node (18, 118, 228) of an integrated circuit, conprising: 11 a first
pre-drive device (14) 15) which generates a first pre-drive signal s
(DATA"); a pre-Kiidotigetittal ideigiradritel bevice?fhe véitadie VoRHd willsteAdftbrisd Iowsr ent
flow ng through'said first pre-drive device; and a first output drive
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30 region, Ip/Vps, is proportional to Vgs - V1. Accordingly, the longer the drive

device 127, 128 remains in the linear region, the slower the
charge/discharge rates will be on the output pad, and therefore the slower

the edge rates of the output signal.
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the drive device 128 discharges the output pad to ground.

FIGS. 4A and 4B are timing diagrams illustrating the effect of

increasing the source resistance of the pre-drive devices on the edge rate of

the output signal. As illustrated, without slew rate control, the pre-driv

10 signal (shown by the dashed line in FIG. 4A) switches quickly, resulting in
sharp edge transitions. This leads to sharp edge transitions in the output

sighal (shown by the dashed line in FIG. 4B). In contrast, with the
invention's slew rate control of the pre-drive signal (indicated by the so
in FIG. 4A), the output signal (indicated by the solid line in FIG. 4B)

15 transitions more slowly.

Returning again to FIG. 3, the programmable current source 13
implemented such that devices 108 and 110 comprise a 1.1 currentm
Device 110 is operated in a region where it tends to behave as a const
current source, where the value of the current is a function of Vgsn (i.e

20 NGATE). That is, the current through device 110 (and 111, too) will be
but as adjusted (for compensation) by any movement in Vgsn produce:
the error amplifier 6 as it servos Vprog to track Vgrer. Device 111 also
operates in a constant current region, and owing to symmetry of

id line

1is
rror.
ant
, of

lrroG,
i by

construction, it will have the same magnitude gate voltage at a given current
25 as does device 110. Since devices 110 and 111 are connected in series, as

constant current sources they produce and share exactly the same cui
Thus, the current through device 110 produces, or is accompanied by,
voltage Vgsp (PGATE) for device 111 that, when referenced to Vpp,

corresponds in magnitude and direction of change to Vgsn referenced to

30 DGND. In other words, devices 110 and 111 operate as a gate voltag

[{)]

rrent.

gate

mirror. The results are signals NGATE 118 and PGATE 120 whose vajues

are determined in a major fashion according to the value selected for Rprog
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on) is thirty times the amount of current flowing through device 108 (lprpg).

T

10 In this example, the geometries of devices 108 and 112 are chosen to also
constitute a 1:30 current mirror. Hence, Rprog sets Iprog, Which in turn
programs and also compensates the values of Rsc for device 112 and Rsp
for device 115.

In some applications, for example buses that have a very slow slew

15 rate requirement and/or have multiple loads on the bus, additional measures
for slowing the slew rates is needed. FIG. 5 is an alternative embodiment of
a slew rate controlled output driver circuit 200 in accordance with the
invention that employs multiple staged-turn-on/off output driver drive devices
227, 227a, and 228, 228a to pull up or pull down the output pad 218 of{the

20 driver. In this embodiment, output driver 200 includes a programmable

current source 231, a pre-driver stage 232, and an output stage 233. The

output stage 233 includes a plurality of pull-up devices 227, 22732, connected
between a high voltage source Vpp and the output pad 218, and a pluraEty of
pull-down devices 228, 228a, connected between a low voltage source
25 (ground) and output pad 118. The output drive devices 227, 227a, 228
228a, are each controllable via respective corresponding pre-drive circuits
which belong to the pre-driver stage 232 whose respective source
impedances Rsc and Rgp are programmable via the programmable current
source 231 according to the principles discussed above with respect to the
30 embodiment of FIG. 3. As in the embodiment of FIG. 3, by setting up khown
ratios between the current mirrored devices (i.e, the ratios between devices
208 and 210, 208 and 211, 208 and 213, and 208 and 212, a single

programmable resistor Rprog may be used to control the slew rate of edch of
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s10%a () _5/M ! (s%rc(e)ihpedan%) (o%‘_an arbitrary plurality of output driver stages; e.g

T
@000

may
()-

, for

an entire bus. It will further be appreciated that there could easily be multiple

arbitrary pluralities of output driver stages, with each such multiple hav
source impedance that is independently controlled by an associated
separate programmable current source.

10 FIGS. 6A and 6B are timing diagrams illustrating the effect of

ng a

increasing the source resistance of the multi-staged pre-drive devices on the

edge rate of the output signal. -As illustrated, without slew rate control, the

pre-drive signal (shown by the dashed line in FIG. 8A) switches quickly

resulting in sharp edge transitions, leading to sharp edge transitions in the

15 output signal (shown by the dashed line in FIG. 6B). In contrast, with the

invention’s slew rate control of the pre-drive signal with staged turn-on
(indicated by the solid line in FIG. 6A), the output signal (indicated by th
solid line in FIG. 6B) transitions more slowly.
While illustrative and presently preferred embodiments of the
20 invention have been described in detail herein, it is to be understood th
inventive concepts may be otherwise variously embodied and employeg
that the appended claims are intended to be construed to include such

variations except insofar as limited by the prior art.
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ig?ﬁ ;&15)()%&:( )@# 1%@;&&%&@ m%%ga/r%mg(t?m aaﬁgt pre%nve device (14
5 15,24, 25, 113, 114, 123, 124) to achieve a first desired slew rate of edges

of a first pre-drive signal (DATA') produced by said first pre-drive device; and

controlling (34) a first output drive device (16, 26, 127, 128, 227,

227a, 228, 228a) using said first pre-drive signal (DATA’) to drive said digital

signal (PAD) onto said node.

2. A method in accordance with claim 1, wherein said adjusting step
(32) comprises:

adjusting (32) a first source resistance (Rsc, Rsp) of said first pre-
device device to control said first current.

3. A method in accordance with claim 1 or 2, comprising:
adjusting (32) a second current flowing through a second pre-drive
device to achieve a second desired slew rate of edges of a second pre-drive)
signal produced by said second pre-drive device; and
5 controlling (34) a second output drive device using said second pre-
drive signal to drive said digital signal onto said node.

4, A method in accordance with claim 2 or 3, wherein said adjusting
step comprises:

adjusting a second source resistance (Rsc, Rsp) of said second pre-
device device to control said second current.

5. An apparatus for controlling the slew rate of transition edges of a

digital signal (PAD) on a node (18, 118, 228) of an integrated circuit,
comprising:
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, Z109%44& () - | signal (DATA') to generate sdld digital signal on said node.

8. An apparatus in accordance with claim 5, wherein said pre-drive
device controller comprises:

a source resistance controller (20) which controls a first source
resistance (Rsc, Rsp) of said first pre-drive device.

7. An apparatus in accordance with claim 6, wherein said source
resistance controlier comprises a programmable current source (131) which
controls said first source resistance (Rsc, Rsp) of said first pre-drive device.

8. An apparatus in accordance with claim 7, wherein:
said programmable current source (131) is adjustable via an external
resistor ( 107 Rerog).

9. An apparatus in accordance with claim 5, 6, 7, or 8, comprising:

one or more additional pre-drive devices (24, 25, 113, 114, 123, 124,
P4a, N4a) each of which generates a corresponding one or more additional
pre-drive signals (126, 226, 226a), wherein said pre-drive device controller

5 controls one or more corresponding currents flowing through said respective

one or more additional pre-drive devices; and

one or more additional output drive devices (128, 227a, 228, 228a)
each controllable by at least one of said one or more additional pre-drive
signals to generate said digital signal on said node.

10. An apparatus in accordance with claim 9, wherein:
An apparatus in accordance with claim 10, wherein said
corresponding source resistances of said respective one or more additional

12
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