US 20190342122A1

a2y Patent Application Publication (o) Pub. No.: US 2019/0342122 Al

a9y United States

Peter et al. 43) Pub. Date: Nov. 7, 2019
(54) COMMUNICATING ACROSS GALVANIC HO3F 3/68 (2006.01)
ISOLATION HO3K 17/567 (2006.01)
HO02M 1/08 (2006.01)
(71) Applicant: Power Integrations, Inc., San Jose, CA (52) US. CL
Us) CPC ... HO4L 25/0268 (2013.01); HO3F 3/45179
(72) Inventors: Matthias Peter, Orpund (CH); Jan Y (2013.01); H03F 3/68 (2013.01); HOHj
Thalheim, Biel-Bienne (CH) 23/49575 (2013.01); H02M 1/08 (2013.01);
HO3F 2200/462 (2013.01); HO3F 2203/45288
(73) Assignee: Power Integrations, Inc., San Jose, CA (2013.01); HO3K 17/567 (2013.01)
(US)
(21) Appl. No.: 16/415,669 (57) ABSTRACT
(22) Filed: May 17, 2019
L. A power conversion system comprising a system controller
Related U.S. Application Data configured to generate an input signal in response to a
(63) Continuation of application No. 15/209,585, filed on system input and a switch controller coupled to the system
Jul. 13, 2016, now Pat. No. 10,326,306. controller, the switch controller configured to control a
power switch. The switch controller comprises a driver
(30) Foreign Application Priority Data interface configured to receive the input signal that indicates
whether the power switch should be ON or OFF, the driver
Jul. 31, 2015 (EP) woeevvreececinecicceee 15179318.9 interface further configured to transmit one or more current
A . . pulses across a galvanic isolation using an inductive cou-
Publication Classification pling. The driver interface further comprises a first local
(51) Int. CL power supply configured to increase an output voltage of the

HO4L 25/02 (2006.01) first local power supply when a transmission of current
HO3F 3/45 (2006.01) pulses is imminent.
1104 VDps ~. 1103
1137
108 M 1110 1146 || 1120 vep
3 “~ — - 1126
il F‘_} [—’,_ j 1113
v
..... 1114 1115 =
- SR 2R
=l s
- 118~ ’ 1146
1108 Vj_ <
38~ 1141
P = e
1105 1107 | 1109 IV_DQ§ il
L 1103 1138
Vss 1111 VSSS
1187 VG
{ 1128, d ] 1112 1141
1141 < by
i :} up || 1136
) L L_{’* -~
1132 | 1127
Vgg ~o 1141
BUFFER CIRCUTT GATE CONTROL CIRCUIT




US 2019/0342122 Al

Nov. 7,2019 Sheet 1 of 11

Patent Application Publication

SLNdNI
WZLSAS

)

0ci

|

|
|
1| LINDYID 3ATNG IOVLUILINI ¥IARNA
i o
| 0Ll
_ Aldd0S Alddns
_ — —
_ w:f SiL 601
gl o
| 9 801 Hdn
1
Y HIAING ot
X I y Y
|
o HMOLVHINID
_ >39n 3571Nd
|
~— 9z bil
" KL N/ 181 .
/ N
_ w oo A I5VIS et
| LINOYIO m\,: fond LNd1NO LINO¥ID
| ¥300030 ||, | ol 35INd ¥30003d
| NV
_ RN 1
-
I el ) 4 —
[ 81l 571 il
_ Z#ag chl TE
i

Nin

HATIOHELINOD
WZLSAS

443

,fJ
¥0l




US 2019/0342122 Al

Nov. 7,2019 Sheet 2 of 11

Patent Application Publication

AlddNS ¥3aImMOd TvO01

%M&D\/\ 9le AT AV E =T\
JOVIS +
::m@w%mnum NOILLYDIdITdNY VA
JONVLIONANODSNYYHL 7
o~ “ km tle
yAY4 GLe
m0&>\/\ MNN
062
FlJ
J1
«— JOVIS J9V1S
N NOILVYOIAITdINY NOILVYDIHITdINY
o7z e ANIHEND ANOD3S INIHHENO 1SHId
= -
122 612
60z J %
e B Z 'Ol4




AlddNS ¥Y3IMOd VDO

GLE
THEVSSA )

US 2019/0342122 Al

LPE~SSA mw
SSALPE
4 XA

= el
= /wmm

n L1E leze~ Ll v

8 £Z€ " g0dp i M,
K-

Z 0.€

- / ig
S

e

2

z

............... \
VIA * *
sze S 1
- | o —
H N iEe
-
6C¢
s ® . NBLE

£2¢ ~HOdp m .mv_n_

Patent Application Publication
o
S
™
N
O______..




US 2019/0342122 Al

Nov. 7,2019 Sheet 4 of 11

Patent Application Publication

AlddNS ¥IMOd 0T
avoT o<1z
o . - p0p 12y oy
8Ly PI~ELY 2y~ LN0op oSun AL
9z oz S e—_—— | wowumw f n
MHLA | ¢ HOWHIW ¢5h ~En | INTHRIND
ATddnsp INTRHND b [TIP] gp ~gp |3HYHOSIA I_ \ww>
| | . R
unodio |EPTAMON | | fer T pEFASDA g mie W&
NOILO313a [614~2SOp o _ )
ATOHSIHHL WO asnort: (
INIHEND | ZIP 2SA | | INTRIND of hogon vap 6cy
L SSA
ATddNSA v
prpt i fsi~szr o] | T T
605 21 | osr-/ isp Y~ cov
3D ;o 81y~ T
5 . +
ule PEP " SOp uieb -
UOWHIN INTHIND 2 o zop
b
"N\ o1y gop| HOUUIW INTUND & 8y
NLNOY
0zy ~ T Rﬂ om.wsm,p_mo ogy
A1ddRSp pap)
c1p/ % .
oz
Liadnsy, v Ol




US 2019/0342122 Al

Nov. 7,2019 Sheet 5 of 11

Patent Application Publication

PG~ SSA
NUH\(Sm
avo) e G 'Ol
~ Lre s O trr~els
9fs
4%
TS S
—lm ops~ ]
@mm | b5
dhin 25 erontis
S 805y
Lnown P
NOILOZLIQ | 22§ ™LN0A = ﬁm
QTOHSIMHL T5BR~ETe ge&™~ T |
INTFHHND T e~
CSANLTS 8/c
prs s
0ss |tst~ses
(\&\.m
L SIS~Z iy L TL \oss
| £eG A i
re-|
Le5 ™ i SO ﬁ TS 0gs J
)
P | ns— | 905
01§
025~ ATdaNTSA



= : 919
e 979~ ¥Hin - - -
_ — 9 'Ol
2
5 ! CCI~_1IT0R
« ?H €19
-]
<l
= = 1N UOUHIIN INJHIND b
5 Logg co a9
- 869 R |
2 \ — —i! 029~ A1ddNS H
Z | A 1 ~119
2
S _ U
! 0€9
e ” o S Pn YOUUIW INTFHIND i€
w. 209 mu: _ 029~ A1ddNS 209
z S
L9 ~zsp
g T WH “NLT9
.m $19 . P
s 609~21 } Fir o~zo0
= yA
g 3 o )3
< €9 ~SOA /
.MIM ueh uieb
= 909
= oo/ | HOUHIW INTHAND 5.2 HOUYIW INTHUND 1T |
[=P]
= 029 ~ A1ddNSA



US 2019/0342122 Al

Nov. 7,2019 Sheet 7 of 11

Patent Application Publication

L "Old

YOHAIN LNFHAIND IDYVHISIA

LvL ~_SSA

ovs = vm\ulf
¥ T

!

—

]

NmNH r

—

Jomﬁ/
i

>Jaamm> 1Nop £n
Ny
0ZL ﬂm J ZG/

d1N0g

0G4 Q)

¥0.
S



US 2019/0342122 Al

Nov. 7,2019 Sheet 8 of 11

|

Q)
O
0

Patent Application Publication

0

9

8

5

e kﬁx\ Lo




39V1S 1Nd1NO 35Nd
L¥6 A~SSA

US 2019/0342122 Al

1
56 ze6
< S |_\ ommf LYB~—SSp
17T :

- 176
= S LINOHID g LINO¥IO Y344 s .M\n:
(=
IR T0MINOO 3LVD | — o
8 mw> 126 v06 xW;
2 Saana
. d

o 8Z6 A~ ﬂ_ 8¢6 266~ dOA —~
2 ] 26
o
o
2
> G m/ LiNoYIn

J66n oeg | TORLNOD NivHa

666~
\!\
0E6~ .ﬂ“ v26
|__ul. xwo

vi6

Patent Application Publication
[5¢]
N
o>
4]
O
a
>

6 Old



US 2019/0342122 Al

Nov. 7,2019 Sheet 10 of 11

Patent Application Publication

1INDYID TOUINOD NIVHQ

601 6801 2601
LZ0} S / S L70L
s - e
A SSA
“f\,mvov ol _ T
— Fﬂ: i
el ss
Lo T
_. T %
-| o
i Lol Pwov ]
I
.III.I!W_.__ gofw\,wW>
S~ - — 9101
9e01L \.\.1T_ m
Peol HI._ \mwov
T {
S00L ~_ Saap el .
..l._
Ly o
| MTTJ ~6001
<, &
vL0L  ZL0L
T )
9e01
omov\

0L'9Old

ovol

dOp

2601



US 2019/0342122 Al

Nov. 7,2019 Sheet 11 of 11

Patent Application Publication

LIND¥ID TOULNOD 3LV LbLL~ SSA HIMOYD ¥3Nd
R . m
pELL~ S
LZLL ¢—i LU“* 2611
i
~ 1
9eLl an g
R i | | vl
LyLl 433 ! I
OA ¢ 4 L1811 8Z11 N
M: SSA bbbl S8
ﬂm 1 moo>\mo:\ 6011 | £L0)1 SOLL
opLL 1 gLl | F 801l
K 1 f Wﬂ ~
i R e
j..
~ — ~
O®> ‘mm\—\_\ F .v_\u\—\ .....
~ | sl Pl I s el P o
. W p o Py ~
awf> | et g LA B TN
LELL =
—\—\ w—m mo—,_\\/\mz@.ﬂ 120152



US 2019/0342122 Al

COMMUNICATING ACROSS GALVANIC
ISOLATION

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/209,585, filed on Jul. 13, 2016, now
pending, which claims priority to European Patent (EP)
Application No. 15179318.9, filed on Jul. 31, 2015. U.S.
patent application Ser. No. 15/209,585 and EP Application
No. 15179318.9 is hereby incorporated by reference in their
entirety.

BACKGROUND

1. Field of the Invention

[0002] The present invention relates generally to commu-
nication between a transmitter and receiver across galvanic
isolation using an inductive coupling, for example, in the
context of a power supply architecture for communication
between a galvanically-isolated transmitter and receiver.

2. Background

[0003] Many electrical devices include a communication
system to send information between a transmitter and a
receiver that are galvanically isolated and refer to different
ground potentials. Examples include power converters,
medical equipment, marine equipment, and the like.
[0004] One such communication system uses magneti-
cally coupled wires to send information between a trans-
mitter and a receiver. Otherwise also known as inductive
coupling, a varying current flowing through a transmitting
conductor induces a varying voltage across the ends of a
receiving conductor. The coupling between the conductors
can be strengthened in various ways. For example, the wires
may be wound into coils with or without a magnetic core.
Examples of inductive coupling include a transformer and a
coupled inductor.

[0005] Despite the magnetically coupling of such conduc-
tors, the conductors can remain electrically isolated from
each other so that a voltage difference can be applied without
significant electrical conduction therebetween. However, so
long as the magnetic coupling between the conductors is
sufficiently strong, information can be conveyed across this
electrical isolation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Non-limiting and non-exhaustive embodiments of
the present invention are described with reference to the
following figures, wherein like reference numerals refer to
like parts throughout the various views unless otherwise
specified.

[0007] FIG. 1 illustrates one example of a switch control-
ler that includes a communication link to communicate
between a transmitter and a receiver, in accordance with
teachings of the present invention.

[0008] FIG. 2 illustrates one example of a driver interface
power supply, in accordance with teachings of the present
invention.

[0009] FIG. 3 further illustrates an implementation of a
driver interface power supply in accordance with teachings
of the present invention.
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[0010] FIG. 4 illustrates one example of a drive circuit
power supply in accordance with teachings of the present
invention.

[0011] FIG. 5 further illustrates a first current mirror,
second current mirror, third current mirror, and fourth cur-
rent mirror of the drive circuit power supply, in accordance
with teachings of the present invention.

[0012] FIG. 6 further illustrates a current threshold detec-
tion circuit of the driver interface power supply, in accor-
dance with teachings of the present invention.

[0013] FIG. 7 further illustrates a discharge current mirror
of the driver interface power supply, in accordance with
teachings of the present invention.

[0014] FIG. 8 is one example illustrating another example
coupling between dies of within an integrated circuit pack-
age, in accordance with teachings of the present invention.
[0015] FIG. 9 is one example of a pulse output stage, in
accordance with the teachings of the present invention.
[0016] FIG. 10 further illustrates one example of the drain
control circuit of the pulse output stage, in accordance with
the teachings of the present invention.

[0017] FIG. 11 further illustrates the buffer circuit and gate
control circuit of the pulse output stage, in accordance with
the teachings of the present invention.

[0018] Corresponding reference characters indicate corre-
sponding components throughout the several views of the
drawings. Skilled artisans will appreciate that elements in
the figures are illustrated for simplicity and clarity and have
not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be
exaggerated relative to other elements to help to improve
understanding of various embodiments of the present inven-
tion. Also, common but well-understood elements that are
useful or necessary in a commercially feasible embodiment
are often not depicted in order to facilitate a less obstructed
view of these various embodiments of the present invention.

DETAILED DESCRIPTION

[0019] In the following description, numerous specific
details are set forth in order to provide a thorough under-
standing of the present invention. It will be apparent, how-
ever, to one having ordinary skill in the art that the specific
detail need not be employed to practice the present inven-
tion. In other instances, well-known materials or methods
have not been described in detail in order to avoid obscuring
the present invention.

[0020] Reference throughout this specification to “one
embodiment”, “an embodiment”, “one example” or “an
example” means that a particular feature, structure or char-
acteristic described in connection with the embodiment or
example is included in at least one embodiment of the
present invention. Thus, appearances of the phrases “in one
embodiment”, “in an embodiment”, “one example” or “an
example” in various places throughout this specification are
not necessarily all referring to the same embodiment or
example. Furthermore, the particular features, structures or
characteristics may be combined in any suitable combina-
tions and/or subcombinations in one or more embodiments
or examples. Particular features, structures or characteristics
may be included in an integrated circuit, an electronic
circuit, a combinational logic circuit, or other suitable com-
ponents that provide the described functionality. In addition,
it is appreciated that the figures provided herewith are for
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explanation purposes to persons ordinarily skilled in the art
and that the drawings are not necessarily drawn to scale.

[0021] As mentioned above, electrical devices may
include an inductive coupling to send information between
a galvanically-isolated transmitter and receiver. A signal can
be sent to a receiver by varying the current flowing through
a transmitting conductor. The varying current induces a
voltage across the ends of a receiving conductor. In some
cases, the signal sent by the transmitter may be a current
pulse waveform that induces a voltage pulse waveform at
the receiver.

[0022] In some electrical devices, the conductors in the
inductive coupling may only be weakly coupled in the sense
that relatively large changes in current through the trans-
mitting conductor produce relatively small changes in volt-
age at the receiving conductor. This is especially true in the
case of inductive couplings that are formed at least in part
from conductors such as a lead frames, top metallization
layers of a semiconductor chip, bond wires, and the like. In
particular, although such conductors are small in size, inex-
pensive, and can be disposed within a semiconductor pack-
age, they are usually formed with a small number of turns
(one turn is typical) and generally do not include high
magnetic permeability cores. For example, the transmitting
and receiving conductors can be coils that have an induc-
tance of 50 nH or less, e.g., 20 nH or less or even 10 nH or
less. The amplitude swing in the receiving conductor is thus
relatively small when compared to the rate of change of
current through the transmitting conductor.

[0023] Ifthe induced voltage in the receiving conductor is
relatively small, it may be difficult to distinguish the induced
voltage from noise. This is especially true in the context of
noisy environments, such as in controllers for power
switches where different portions of the controller are gal-
vanically isolated from one another. In particular, the power
switched by a power switch can be much larger than the
power of a signal transmitted across an inductive coupling.
For example, a power switch may switch 100’s or even
1000’s of volts whereas the received signals may be 100’s
of mV, 10’s of mV, or even less. Distinguishing the signal
voltage from noise under such conditions is generally dif-
ficult.

[0024] One approach to increase the magnitude of the
received voltage is to increase the rate of change of the
current through the transmitting conductor. For example, the
transmitted signals can include pulses having durations of 10
nanoseconds or less, e.g., 5 nanoseconds or less. Further, the
amplitude of the current swing associated with those pulses
should be as high as possible.

[0025] However, the conduction of such current pulses
through the transmitting conductor can lead to instability in
the supply voltage. In this regard, in order to provide such
current pulses, the power supply of the signal transmission
circuitry must be able to transition from providing zero (or
other steady state) current to providing a high current in
short (e.g., nanosecond-scale) time frames. Although a suf-
ficiently large bypass capacitor on the power supply could in
theory damp the supply voltage changes that would result
from such rapid changes in current demand, as a practical
matter the size of such a bypass capacitor would be disad-
vantageously large. Space savings achieved by disposing the
relatively weak inductive coupling inside the semiconductor
package would be counterbalanced the space consumed by
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the large bypass capacitor—regardless of whether the
bypass capacitor is external to the package or integrated into
a semiconductor die.

[0026] Instability in the supply voltage can be problematic
for several reasons that generally depend on the nature of the
circuitry that is supplied by the voltage. For example, some
digital circuitry has relatively small tolerances for variation
in the supply voltage. As another example, transistors or
other circuit elements may move out of their safe operating
area if the supply voltage varies excessively.

[0027] To address these and other issues, the electronic
devices described herein can include two power supplies.
For example, in some implementations, a first of the power
supplies can supply the majority of current to the transmit-
ting conductor of a magnetic coupling across galvanic
isolation. The first of the power supplies can also supply
current to a second, local power supply. In turn, the local
power supply can supply other circuitry that is on the same
side of the galvanic isolation (i.e., referenced to the same
potential) as the transmitting conductor and the first power
supply. In operation, the local power supply can be more
stable than the first power supply. This stability can help
ensure proper operation and even, in some cases, protect the
circuitry that is supplied by the local power supply from
unsafe operating conditions.

[0028] In some implementations, the circuitry that is sup-
plied by the local power supply includes pulse control
circuitry for controlling the current pulses that are used to
transmit information across the galvanic isolation to a
receiving conductor of a magnetic coupling.

[0029] In some implementations, a plurality of local
power supplies can be used to power multiple separate nets.
For example, one local power supply can supply power to
auxiliary driving circuits that cause and tolerate relatively
large supply swings due to their large current requirements.
Another local power supply can supply power to analog
circuitry that requires lower supply swings. Yet another local
power supply can supply power to digital circuitry that may
tolerate relatively higher supply swings than analog cir-
cuitry. As a result, adequate dedicated supply swings may be
achievable with a relatively low total supply bypass capaci-
tance. This may allow the signal transmission and reception
circuitry, as well as the magnetic coupling and multiple
power supplies, to be disposed within a single semiconduc-
tor package without a large internal or external bypass
capacitor.

[0030] Insomeimplementations, the local power supply is
isolated from the first power supply with a unidirectional
current path that isolates the local power supply from
relatively lower frequency pulses at a first power supply. For
faster pulses, an RC circuit can isolate a local supply from
the first power supply. The resistance of the RC circuit can
be provided by active devices that adjust to the load condi-
tions. The unidirectional current flow path allows current to
flow from the first power supply to the local power supply,
i.e., to supply power to the local power supply. However—
depending on operating conditions—the current flow and
supply of power are not continuous. In particular, the
potential difference between the first power supply and the
local power supplies may at times switch during operation.
The unidirectionality of the current flow path prevents the
first of the power supplies from drawing power from local
power supply, e.g., while the first power supply is supplying
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current to the transmitting conductor of a magnetic coupling.
This allows the provision of voltage by the local power
supply to be more stable.

[0031] When supplying pulses to the transmitting conduc-
tor of a magnetic coupling, the current rises very fast (e.g.
in in times of less than 10 ns, e.g., 5 ns). To reduce this
current as quickly as possible back to approximately zero, a
relatively large negative voltage should be applied across the
transmitting conductor.

[0032] One example device that may benefit from these
teachings is a switch controller that controls a power switch
in a power conversion system. An example power switch is
an insulated-gate bipolar transistor (IGBT). A switch con-
troller for an IGBT or other power switch may include a
driver interface and a drive circuit that are coupled to
communicate through an inductive coupling that functions
as a communication link. The driver interface may be on the
primary side of the switch controller while the drive circuit
may be on the secondary side. The inductive coupling
functions as a communication link and bridges the galvanic
isolation between primary and the secondary sides. The
driver interface on the primary side may be powered by a
local power supply or a plurality of local power supplies
with separate digital, analog, and auxiliary driving circuitry.
The driver interface may be coupled to receive an input
signal, which provides information indicating the current
state of the IGBT power switch or is transitioning between
an ON-state or an OFF-state. The information in the input
signal is then communicated to the drive circuit via the
inductive coupling. In response to this information, the drive
circuit then generates a drive signal which drives the switch-
ing of the power switch.

[0033] In some implementations, two-way communica-
tions across the galvanic isolation may be desirable. In such
cases, both the primary side and the secondary side can each
include both data transmission circuitry and data reception
circuitry.

[0034] Further, both the primary side and the secondary
side can both include one or more local power supplies.
However when using a package without low impedance
supply connections, short pulses can lead to large voltage
drops and large overshoots from parasitic supply inductance.
For example, the parasitic inductance of bond wire connec-
tions inherently produce large voltage drops and large volt-
age overshoots. These issues can limit the transmit ampli-
tude and overshoots can endanger the safe operating
conditions of the device.

[0035] In general, a single inductive coupling can act as a
bidirectional communication link and carry information in
both directions, i.e., from the primary side to the secondary
side and from the secondary side to the primary side.
However, this is not necessarily the case. In some imple-
mentations, multiple inductive couplings can be used.
[0036] In general, the primary and secondary side circuits
(including, e.g., the driver interface and drive circuit) are
implemented as integrated circuits (ICs). In some of the
implementations described herein, the primary and second-
ary side integrated circuits—along with the inductive cou-
pling—can be packaged in a single package. In this regard,
integrated circuit packages generally inherently include one
or more lead frames. A lead frame provides mechanical
support for the die or dice that are packaged within the
integrated circuit package. In general, the lead frame
includes a die attach pad to which a semiconductor die may
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be attached. In addition, the lead frame generally also
includes leads that serve as electrical connections to circuits
external to the integrated circuit package. The lead frame is
generally constructed from a flat sheet of metal. The flat
sheet of metal may be stamped, etched, punched, etc., with
a pattern, which defines the die attach pads and various leads
of the lead frame.

[0037] FIG. 1 illustrates one example of a switch control-
ler that includes a communication link to communicate
between a transmitter and a receiver, in accordance with
teachings of the present invention. System 100 includes a
switch controller 102 that has a primary side and a secondary
side that are galvanically isolated from one another. Switch
controller 102 includes data transmission circuitry and data
reception circuitry that communicate across the galvanic
isolation using an inductive coupling. In some cases, only
one of the primary side and the secondary side includes data
transmission circuitry. In other cases, both the primary side
and the secondary side each include data transmission
circuitry and data reception circuitry. Further, each side in
switch controller 102 that includes data transmission cir-
cuitry that can include a local power supply that supplies
power to other circuitry on that side with a more stable
source of power than the power supply which supplies the
current that drives through the transmitting conductor of the
inductive coupling to transmit information.

[0038] In the illustrated implementation, system 100
includes not only switch controller 102, but also a system
controller 104 and a power switch 106. System controller
104 is a control device that is coupled to receive one or more
system inputs 120 that represent information that can be
used by system controller to generate a signal U,,, 122 that
indicates whether power switch 106 should be ON or OFF.
In some implementations, system controller 104 is coupled
to output a signal such as signal U, 122 to a number of
different switch controllers. System controller 104 can con-
trol multiple switch controllers in a variety of different
contexts, including e.g., motor drives, power generation
systems, power transmission systems, and power condition-
ing systems. Power switch 106 is illustrated as an IGBT but
can be any power semiconductor switch, including, e.g., a
power MOSFET, a power JFET, or the like.

[0039] Switch controller 102 includes a primary-side
driver interface 108, a secondary-side drive circuit 110, and
an inductive coupling 112 that forms a communication link
that bridges the galvanic isolation between them.

[0040] Primary-side driver interface 108 is circuitry that is
configured to interface controller 102 with system controller
104. Primary-side driver interface 108 is coupled to receive
signal Uj,, 122 from system controller 104 and convey the
information therein to secondary-side drive circuit 110.
[0041] Primary-side driver interface 108 includes pulse
generation circuitry 114 and local power supply 109. Pulse
generation circuitry 114 includes a decoder circuit 180 and
a pulse output stage 181. Decoder circuit 180 decodes the
information in signal U, 122 for transmission by pulse
output stage 181 to secondary-side drive circuit 110.
Decoder circuit 180 also generates a pulse request signal
Upg 116 that indicates to local power supply 109 that output
of one or more current pulses by output stage 181 is
imminent. Pulse output stage 181 outputs current pulses to
the primary side conductive loop 111 of inductive coupling
112 in accordance with the information decoded from signal
U, 122 by decoder circuit 180.
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[0042] Local power supply 109 is a power supply that
supplies power to at least some of the circuitry in primary-
side driver interface 108. The power supplied by local power
supply 109 provides less voltage ripple than the power
supply (not shown) that supplies the majority of the current
in the current pulses output by pulse output stage 181 to the
primary side conductive loop 111. The circuitry that is
supplied by local power supply 109 can include pulse
control circuitry in pulse output stage 181 for controlling the
current pulses that are used to transmit information across
the galvanic isolation.

[0043] Secondary-side drive circuit 110 includes a
decoder circuit 116 and a power switch driver 118. Decoder
circuit 116 is coupled to secondary side conductive loop 126
to receive and decode the voltages pulses induced in sec-
ondary side conductive loop 126 by the current pulses
through primary side conductive loop 111. Power switch
driver 118 is coupled to drive power switch 106 in accor-
dance with the information decoded from the voltage pulses
by decoder circuit 116. In some implementations, power
switch driver 118 outputs a drive signal to the control
terminal of power switch 106.

[0044] In the illustrated implementation, primary-side
driver interface 108 communicates to the secondary-side
drive circuit 110. Secondary-side drive circuit 110 includes
a local power supply 115 and may also contain its own pulse
generator circuit similar to the primary side driver interface
108. In some implementations, secondary-side drive circuit
110 does not include a local power supply 115 and a pulse
generator circuit. However, in this illustrated implementa-
tion, local power supply 115 is coupled to supply power to
a secondary-side pulse generator circuit (not shown) for
communicating information from secondary-side drive cir-
cuit 110 to primary-side driver interface 108. Local power
supply 115 provides a more stable voltage than the power
supplied by the power supply (not shown) that supplies the
majority of the current for the current pulses output to the
secondary side conductive loop 113 for transmitting infor-
mation from secondary-side drive circuit 110 to primary-
side driver interface 108. The local power supply 115
receives a high input voltage and provides a stable voltage
even during rapid changes in current. The circuitry that is
supplied by local power supply 115 can also include pulse
control circuitry for controlling the current pulses that are
used to transmit information across the galvanic isolation.

[0045] Inductive coupling 112 includes a primary side
conductive loop 111 and a secondary side conductive loop
126. Inductive coupling 112 forms a communication link
across the galvanic isolation between the primary-side driver
interface 108 and the secondary-side drive circuit 110.
Loops 111, 113 can be magnetically coupled in a variety of
different ways. For example, in some implementations,
loops 111, 113 can be wound about a common high-mag-
netic-permeability core and form a transformer. However, in
other implementations, loops 111, 113 do not share a com-
mon core. The strength of the magnetic coupling between
loops 111, 113 is determined by several factors, including
the nature of any core and surrounding medium, the geom-
etry and disposition of loops 111, 113, and the number of
windings in loops 111, 113. As discussed further below, in
some implementations, loops 111, 113 can each be single
loop inductors formed at least in part by the lead frame of a
semiconductor chip package (e.g., FIG. 8) and have rela-
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tively small-inductances. For example, loops 111, 113 can
have inductances of 50 nH or less or 20 nH or less.
[0046] FIG. 1 also illustrates:

[0047] avoltage V . 105 that is arises between the main
terminals (here, the collector and the emitter) of power
switch 106,

[0048] a current I 107 that flows between the main
terminals (here, the collector and the emitter) of power
switch 106,

[0049] one or more system inputs 120 that represent
information that can be used by system controller to
generate a signal input signal U, 122,

[0050] input signal U, 122 that indicates whether
power switch 106 should be ON or OFF,

[0051] transmit current 1. 125 that is conducted through
primary side conductive loop 111,

[0052] receiver voltage V 126 that is induced in sec-
ondary side conductive loop 126 by changes in transmit
current I, 125,

[0053] decoded signal Uy, 128 that is yielded by the
decoding of receiver voltage V5 126 by decoder circuit
116, and

[0054] drive signal U, 130 that is output by driver 118
to drive power switch 106.

[0055] Inoperation, system controller 104 receives system
inputs 120. System controller 104 determines whether the
switch controller 102 should turn ON or turn OFF the power
switch 106 based on system inputs 120 and generates an
input signal Uy, 122 that characterizes the results of that
determination. Example system inputs 120 include the pulse
width modulated (PWM) signal for a general purpose motor
drive, a turn on and turn off sequence of a multi-level power
converter, or a system fault turn-off request.

[0056] In the illustrated system 100, system controller 104
outputs input signal U,,, 122 to switch controller 102. In
some cases, input signal U, 122 may be a rectangular pulse
waveform that includes logic high and logic low sections of
varying durations. For example, logic high values may
indicate that power switch 106 is to be in the ON state. Logic
low values may indicate that power switch 106 is to be in the
OFF state. The durations of the logic high/logic values can
correspond to the desired driving of power switch 106.
[0057] Primary-side driver interface 108 of switch con-
troller 102 is coupled to receive input signal U, 122.
Primary-side driver interface 108 includes a decoder circuit
180 that decodes input signal U,,, 122 for transmission of at
least some of the information therein over inductive cou-
pling 112. The primary-side driver interface 108 also
includes pulse output stage 181 to generate the current
pulses 1125 that embody that information to be sent to the
secondary-side drive circuit 110. For example, in some
implementations, multiple current pulses can encode a
single information state. The current for these current pulses
is supplied by a first power supply such as an external power
supply of primary-side driver interface 108, whereas at least
some of the power used by output stage 181 to control these
pulses is provided by local power supply 109.

[0058] Primary-side driver interface 108 transmits the
current pulses to the secondary-side drive circuit 110 via the
magnetically coupled loops 111, 113 of inductive coupling
112. Secondary-side drive circuit 110 is a drive circuit that
drives the switching of power switch 106. In the illustrated
example, the changing transmitter current 1, 125 through
primary side conductive loop 111 induces a voltage V 126
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in secondary side conductive loop 113. As such, the sec-
ondary-side drive circuit 110 receives information from
primary-side driver interface 108. As discussed further,
primary side conductive loop 111 and secondary side con-
ductive loop 113 can in some implementations be formed
using a lead frame within an integrated circuit package (FIG.
8) or the top metallization of silicon of an integrated circuit.

[0059] In the illustrated implementation, secondary-side
drive circuit 110 includes decoder circuit 116, drive circuit
power supply 115, and driver 118. Driver 118 outputs the
drive signal U, 130. Drive signal U, 130 is coupled to be
received at the control terminal of power switch 10 to
control the switching of the power switch 106. In the
illustrated implementation, power switch 106 is an IGBT
and drive signal U, 130 is received at the gate-terminal of
the IGBT 106. Decoder circuit 116 is coupled to receive the
receiver signal V, 126 and determine whether the received
signal V, 126 indicates that the power switch 106 should
transition from an ON state to an OFF state or vice-versa.
Decoder circuit 116 outputs decoded signal U, 128 that
characterizes the results of this determination. In one
example, decoder circuit 116 includes a pulse density deter-
mination circuit to differentiate the varying lengths of the
multi-level state representation. Driver 118 is coupled to
receive the decoded signal U, 128 and output the drive
signal U, 130.

[0060] Insome implementations, secondary-side drive cir-
cuit 110 will transmit information to primary-side driver
interface 108. Examples of such information can include,
e.g., error notifications, confirmation signals, and feedback
information. In such cases, secondary-side drive circuit 110
drives current pulses through secondary side conductive
loop 113. The changes in current through secondary side
conductive loop 113 induces a voltage in primary side
conductive loop 111. As such, the primary-side driver inter-
face 108 receives information from secondary-side drive
circuit 110.

[0061] FIG. 2 illustrates one example of a driver interface
power supply, in accordance with teachings of the present
invention. In the illustrated implementation, local power
supply 209 includes a coupling to a raw external voltage
Veer 223, as would be the case if local power supply 209
was located on the primary side of a switch controller (i.e.,
if local power supply 209 were acting as local power supply
109 in the context of switch controller 102 described in
(FIG. 1)).

[0062] Local power supply 209 includes a differential
voltage amplifier 213, a transconductance amplification
stage 215, a current boost circuit 217, a first current ampli-
fication stage 219, and a second current amplification stage
221.

[0063] Differential voltage amplifier 213 includes an
inverting input and a non-inverting input. The non-inverting
input is coupled to a reference voltage Vg 212 that
represents the desired voltage that is to be supplied by local
power supply 209. The inverting input is coupled to the
output of local power supply 209, namely, a supply voltage
V;, 225. In one example, the reference voltage Vg 212
may be approximately 5 volts. Differential voltage amplifier
213 acts as an error amplifier and the error signal is an output
voltage V, 214 that represents the difference between the
desired output (i.e., reference voltage V- 212) and the
actual output (i.e., supply voltage V,, 225).
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[0064] Transconductance amplification stage 215 is
coupled to receive output voltage V, 214 and output a
current that is representative of the magnitude of output
voltage V, 214. The magnitude of the current output from
transconductance amplification stage 215 is thus represen-
tative of the difference between the desired output (i.e.,
reference voltage Viz 212) and the actual output (i.e.,
supply voltage V;, 225).

[0065] First current amplification stage 219 is coupled to
transconductance amplification stage 215 to receive the
current that is representative of the difference between the
desired output (i.e., reference voltage Vyz 212) and the
actual output (i.e., supply voltage V;, 225). The first current
amplification stage 219 is configured to amplify this current,
for example, using one or more current mirrors, and output
yet another current that is representative of the difference
between the desired output (i.e., reference voltage V- 212)
and the actual output (i.e., supply voltage V,, 225).
[0066] Current boost circuit 217 is coupled to receive a
pulse request signal U, 216. Pulse request signal U, 216
is a signal that indicates that an increase in current demand
by the circuitry supplied by local power supply 209 is
imminent. Although local power supply 209 does not itself
provide the majority of the current that forms the current
pulses output to a coil of a magnetic coupling, the output of
such pulses can result in increased current demand by the
circuitry that is supplied by local power supply 209. Pulse
request signal U, 216 that comes from pulse generator 114
can thus be used as a trigger by local power supply 209 to
increase the output current capability of the local power
supply 209 in order to assure the desired level of the supply
voltage V,; 225 in anticipation of the imminent increased
demand.

[0067] Inresponse to the indication of imminent increased
demand, current boost circuit 217 outputs a current that—
along with the current output from first current amplification
stage 219—is received by the second current amplification
stage 221.

[0068] Second current amplification stage 221 is coupled
to receive the current output from first current amplification
stage 219 and current boost circuit 217, amplify them, and
output a charging current I 290. Second current amplifica-
tion stage 221 is also coupled to a supply voltage (e.g., raw
external voltage V. 223) during backswings to negative
potentials. The second current amplification stage is config-
ured to further provide a controlled reverse current path
from V,; 225 to V5 223 (that is to avoid putting intrinsic
body diodes of controlled switch devices in the forward
direction) during this backswing of the external voltage
Vo5 223. Second current amplification circuit 221 achieves
this by providing the functionality of a switch with a
controllable resistance that is controlled to the load condi-
tions during pulse transmission.

[0069] Charging current I~ 290 is output to a supply
capacitor (not shown) associated with local power supply
209. This supply capacitor stores charge that powers the
circuitry powered by local power supply 209. As discussed
previously, the local supply voltage V;, 217 of local power
supply 209 is more stable than the voltage supplied by the
power supply that supplies the majority of the current that
flows through a transmitting conductor of a magnetic cou-
pling.

[0070] FIG. 3 further illustrates an implementation of a
driver interface power supply in accordance with teachings
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of the present invention. The driver interface power supply
could also be used as local power supply of 115 of the
secondary-side drive circuit 110 if the coupling to a low
voltage (e.g. 5V) raw power supply is available and the
average raw voltage is close to the desired voltage.

[0071] The illustrated implementation of local power sup-
ply 309 includes a coupling to a raw external voltage V.5
323, as would be the case if local power supply 309 were
located on the primary side of the switch controller (i.e., if
local power supply 309 were acting as local power supply
109 in the context of switch controller 102 described in FIG.
1). The illustrated implementation of local power supply 309
includes a transconductance amplification stage 315, a cur-
rent boost circuit 317, a first current amplification stage 319,
and a second current amplification stage 321. Transconduc-
tance amplification stage 315 includes an NMOS transistor
329 that is coupled to receive an error signal voltage V , 314
that represents the difference between the desired output and
the actual output at its control terminal. The source of
NMOS transistor 329 is coupled to a negative supply voltage
Vs 341. NMOS transistor 329 operates primarily in the
linear mode to conduct a current that is approximately
proportional to the magnitude of error signal voltage V , 214.
This current is output from transconductance amplification
stage 315 to first current amplification stage 319.

[0072] First current amplification stage 319 includes a
current mirror formed from a first PMOS transistor 327 and
a second PMOS transistor 329. The current that flows
through first PMOS transistor 327 is essentially equal to the
current output from transconductance amplification stage
315. The current that flows through second PMOS transistor
329 mirrors the current that flows through first PMOS
transistor 327.

[0073] Current boost circuit 317 includes an NMOS tran-
sistor 328 and a current source 332. The control terminal of
NMOS transistor 328 is coupled to receive a pulse request
signal U,y 316 that increases the current flow through
NMOS transistor 328 when the output of one or more
current pulses onto a conductor of a magnetic coupling is
imminent. The source of NMOS transistor 328 is coupled to
a negative supply voltage Vg 341, whereas the drain of
NMOS transistor 328 is coupled to node 370. In response to
pulse request signal U,y 316 rising to a logic high state that
indicates that output of one or more current pulses onto a
conductor of a magnetic coupling is imminent, NMOS
transistor 328 provides an offset current in conjunction with
current source 332 to provide a boost current to the first
amplification stage 319.

[0074] Second current amplification stage 321lincludes a
pair of PMOS transistors 331, 335 coupled in a current
mirror, as well as a PMOS transistor 333. PMOS transistor
333 includes a drain coupled to raw external voltage V5
323 and a control terminal that is coupled to node 370.
PMOS transistors 333, 335 include body diodes that are
connected in anti-series to avoid an unwanted uncontrolled
(and potentially excessive) parasitic current flow through
these body diodes.

[0075] FIG. 4 illustrates one example of a drive circuit
power supply in accordance with teachings of the present
invention. Local power supply 415 can act as either of local
power supply 109, 115 in the context of switch controller
102 (FIG. 1). If local power supply 415 were to be supplied
with a voltage close to the desired voltage,” local power
supply 415 would additionally include a controlled reverse
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current to ensure that the other power supply (i.e., the power
supply that is itself supplying local power supply 415 with
power) does not reverse polarity during a swing back or
otherwise.

[0076] The local power supply 415 includes a transcon-
ductance differential amplifier 402, a discharge current mir-
ror 404, a first current amplification stage 477, a second
current amplification stage 478, a current threshold detection
circuit 414, and a current boost circuit 425.

[0077] Local power supply 415 is coupled to receive a
supply voltage Vg ppry 420. In some implementations,
supply voltage Vg, »r; 420 may be a raw external voltage
that is coupled to supply a local power supply 415 that is
disposed on the secondary side of a galvanic isolation. In
other implementations, supply voltage Vg, pp; - 420 may be
a supply voltage that is derived from a high voltage source,
such as a regulated voltage that is powered by the voltage
that is switched by the power switch of a power converter.
In one case, the value of V-, - 420 may have an average
value of about 25 volts, but may range between 10.5 volts to
30 volts for controlling an IGBT. In contrast, the local power
supply 415 may output a more stable, but lower average
voltage. For example, local power supply 415 may have a
nominal 5 volt output. As discussed above, during transmis-
sion, current pulses with relatively large and rapid changes
in magnitude are desired so that a sufficient voltage is
generated in the receiving conductor. Such current pulses
can lead to relatively large swings in the power supply that
supplies those current pulses, i.e., the same power supply
that supplies supply voltage V. ppr - 420. Notwithstanding
those relatively large swings, local power supply 415 is able
to supply a relatively more stable supply voltage to other
circuitry, including, e.g., circuitry that controls the delivery
of those current pulses.

[0078] Transconductance differential amplifier 402
includes an inverting input and a non-inverting input.
Transconductance differential amplifier 402 is coupled to
receive, at the inverting input, the supply voltage V 5,422
that is output from local power supply 415 to a load 416.
Transconductance differential amplifier 402 is coupled to
receive a reference voltage V.~ 403 at the non-inverting
input. The output of transconductance differential amplifier
402 is coupled to diodes 480, and 482. The diodes 480,482
are for illustrative purposes only and represent that transcon-
ductance differential amplifier 402 can output either a posi-
tive output current I, 484 or a negative output current
loo7486 in response to the output voltage V_ 422 being
greater than the voltage reference V- 403 or less than the
voltage reference V. 403.

[0079] Reference voltage V403 is representative of the
desired voltage to be supplied by local power supply 415.
Transconductance differential amplifier 402 amplifies the
difference between reference voltage V.. 403 and supply
voltage V o+ 422. The input signal polarity of the first
current mirror 406 coupled to the transconductance differ-
ential amplifier 402 is inverse to the input signal polarity of
discharge current mirror 404 and determines whether current
is supplied to discharge current mirror 404 or to first current
amplification stage 477 in order to drive current into the load
416 if V 5,7 422<V - 403. For the implementation accord-
ing to FIG. 5 and FIG. 7, the gain of the transconductance
differential amplifier 402 has to be negative in order to drive
the first current mirror 406 for V . 422<V . 403, and to
drive the discharge current mirror circuit 404 for V422
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>V e 403. If a positive current 1,,,» 484 flows out of
transconductance differential amplifier 402, this will drive a
transistor within the discharge current mirror circuit 404. If
a negative current I, 486 flows out of transconductance
differential amplifier 402, this will drive the first current
mirror 406.

[0080] Current boost circuit 425 is also coupled to output
a current to node 470, namely, a boost current I, 418.
Current boost circuit 425 includes a comparator 428 and a
current source 432. Comparator 428 includes an inverting
input and a non-inverting input. The non-inverting input is
coupled to receive a request signal Uy, 421 that represents
if a transmission is imminent. The inverting input is coupled
to receive a threshold signal U, 426 that is further coupled
to a load R3 429. In some cases, load R3 429 may be
provided by the input resistance of a current mirror or with
a MOSFET transistor operating in linear mode. Comparator
428 is coupled to receive the threshold signal U, 426 that
indicates that the transistors within the current mirrors are
capable of delivering a minimum current to the load. The
minimum current can be measured with a gate threshold
voltage V5o, 419.

[0081] In the illustrated implementation, if threshold sig-
nal Ug,, 426 is high, this indicates the transistors have
reached a minimum current capability. If threshold signal
Uz 426 is low, the transistors are not yet at the minimum
current and comparator 428 may control a current source
432 to provide a boost current 1. The output current [,
486 from transconductance differential amplifier 402 and the
boost current I; 418 from current boost circuit 425 are
coupled to be mirrored by both first current mirror 406 and
second current mirror 410 within first current amplification
stage 477.

[0082] First current mirror 406 is a current amplifier that
is coupled to output a current I, 407 that is an amplified
version of the current received from node 470. First current
mirror 406 has a first upper cut-off frequency £, and will
respond relatively quickly but insufficiently to changes in
current received from node 470. Second current mirror 410
is a current amplifier that is coupled to output a current 1,409
that is an amplified version of the current received from node
470. Second current mirror 410 has a second upper cutoff
frequency that is lower than the first upper cutoff frequency
f_ of first current mirror 406 (e.g., ¥5” of first upper cutoff
frequency f. in the illustrated implementation) and will
respond relatively slowly with large amplification in current
received from node 470. In control theory terms, first current
mirror 406 can be thought of as a part of the proportional
term whereas second current mirror 410 can be thought of
providing the integral term. The sum of currents I, 407 and
1, 409 is designated as I 427 in FIG. 4.

[0083] Second current amplification stage 478 includes a
third current mirror 408 and a fourth current mirror 412.
Third current mirror 408 is coupled to mirror sum current I
427 and output a resulting current signal I; 411. Third
current mirror also provides a local supply voltage Vg, 417
to the current threshold detection circuit 414. Fourth current
mirror 412 is coupled to mirror third current signal I, 411
from third current mirror 408 and output a fourth current 1,
413. Fourth current I, 413 is output to a supply capacitor
(not shown) associated with local power supply 415. The
resulting potential across the supply capacitor is output
voltage V. 422. In other words, the supply capacitor
stores charge that powers the circuitry powered by local
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power supply 415, i.e., load 416. Fourth current mirror 412
is also coupled to provide a second gate-source voltage V ¢,
419 to current threshold detection circuit 414.

[0084] Current threshold detection circuit 414 is coupled
to receive supply voltage Vg, 417 from third current mirror
408, second gate-source voltage Vg, 419 from fourth
current mirror 412, and output voltage V.- 422. Supply
voltage V, 417 powers current threshold circuit 414. Cur-
rent threshold detection circuit 414 is set to detect a current
level that assures the local power supply 415 stays in safe
operating conditions and furthermore assures the controlla-
bility of the output voltage V. 422 to the desired level.
Current threshold detection circuit 414 is also coupled to
output a threshold signal U, 426 to the current boost
circuit 425 in response to the minimum current not yet being
output. Threshold signal U, 426 thus indicates to the
current boost circuit 425 that a current threshold has been
reached.

[0085] Discharge current mirror 404 is a safety mecha-
nism that is coupled to discharge currents from various
nodes within local power supply 415 in response to output
voltage V o 422 rising above the voltage reference Vi
403. If V.7 422 is higher than desired, transconductance
differential amplifier 402 outputs a positive current [, 7
484. Current mirror 404 discharges various nodes within
local power supply 415. In the illustrated implementation,
discharge current mirror 404 is coupled to discharge—at
least in part—a node of sum signal Ug 450, a node of third
current mirror U; 452, and V ,,,-422. The latter reduces the
voltage V o 422 directly. In other implementations, dis-
charge current mirror 404 can be coupled to discharge
different nodes, including a subset of the illustrated nodes or
additional nodes, for example the node V 5, 434, which is an
internal node of the second current mirror 410.

[0086] FIG. 5 further illustrates a first current mirror 506,
second current mirror 510, third current mirror 508, and
fourth current mirror 512 of the drive circuit power supply,
in accordance with teachings of the present invention.
[0087] First current amplification stage 577 includes both
a first current mirror 506 and a second current mirror 510.
First current mirror 506 includes two PMOS transistors 530
and 532 coupled in a current mirror configuration. The
sources of transistor 530 and transistor 532 are coupled to
the supply voltage Vg ppry 520. The gates of transistors
530, 532 and drain of transistor 530 are coupled to node 570
so that the sum of a boost current (e.g., boost current I, 418)
and a current that represents an error voltage (e.g., output
current 1, 486) can be mirrored to provide an output
current [, 507. First current mirror 506 amplifies the current
to the maximum available saturation current allowed by
PMOS transistor 532 such that the current remains within
the safe operating area (SOA). First current mirror 506 has
a first cutoff frequency £, and will respond relatively quickly
with low amplification of the current received from node
570.

[0088] Second current mirror 510 includes two PMOS
transistors 533, 537. For clarity purposes, transistor 537 is
included to show the second output of first current mirror
506. The sources of transistor 533 and transistor 537 are
coupled to the supply voltage Vo ppry 520. The gate and
drain of transistor 537 is coupled to node 570. The gate of
transistor 533 is also coupled to an RC circuit that includes
a capacitor C1 511 and a resistor R1 515 to node 570 to
prevent higher frequency components from biasing the gate
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of transistor 533. In the illustrated implementation, this
filtering circuit is implemented as an RC circuit that includes
a capacitor C1 511 and a resistor R1 515. Other implemen-
tations are possible. The sum of a boost current (e.g., boost
current [ 418) and a current that represents an error voltage
(e.g., output current 1, 405) over the frequency range can
be mirrored to provide an output current I, 509.

[0089] Second current mirror 510 has a second upper
cutoft’ frequency that is lower than the upper cutoff fre-
quency f. of first current mirror 506, e.g., ¥#” of the upper
cutoft frequency of first current mirror 506.

[0090] Second current amplification stage 578 includes a
third current mirror 508 and a fourth current mirror 512.
Third current mirror 508 includes a pair of NMOS transis-
tors 536, 538 coupled in a current mirror. The gates of
NMOS transistors 536, 538 and the drain of NMOS tran-
sistor 536 are coupled to receive sum current I 527. Sum
current I 527 is the sum of output current I, 507 from first
current mirror 506 and output current I, 509 from second
current mirror 510. The drain of NMOS transistor 538 is
coupled to the supply voltage Vg, pp;  520. The sources of
NMOS transistors 536, 538 are coupled together so that third
current mirror 508 outputs a third current I; 507 that is
approximately equal to some multiple (e.g., six times or
more) of sum current Is 527. The drain of transistor 536 is
coupled to provide a supply voltage Vg, 517 to the current
threshold circuit 514.

[0091] Fourth current mirror 512 includes a pair of NMOS
transistors 540, 544 coupled in a current mirror. The gates of
NMOS transistors 540, 544 and the drain of NMOS tran-
sistor 540 are coupled to receive third current I, 511. The
drain of NMOS transistor 544 is coupled to the supply
voltage V ¢ ppr 7 520. The sources of NMOS transistors 540,
544 are coupled together so that fourth current mirror 512
outputs a fourth current 1, 513. Fourth current 1, 513 is
coupled to charge a capacitor C2 560 to produce an output
voltage V 5,522 that is supplied to load 516. For example,
V our 522 may be nominally 5 volts.

[0092] The second gate-source voltage Vs, 519 from
fourth current mirror 412 is coupled to the current threshold
circuit 514. As discussed further below, current threshold
circuit 514 uses the second gate-source voltage V55, 519 as
an indicator of when a minimum current is available to be
delivered to the load by exceeding a gate voltage threshold.
[0093] FIG. 6 further illustrates a current threshold detec-
tion circuit of the driver interface power supply, in accor-
dance with teachings of the present invention. A current
threshold detection circuit 614 determines if the output
current of a local power supply exceeds a threshold. For
example, the threshold can represent that the largest positive
departure from the desired output current which safe opera-
tion can be assured. Current threshold detection circuit 614
can act, e.g., as current threshold detection circuits 414, 514
(FIGS. 4, 5). Current threshold detection circuit 614
includes a pair of PMOS transistors 630, 632, a sense
transistor 634, and cascode transistors 636, 638.

[0094] PMOS transistors 630, 632 are coupled together to
form a current mirror. The sources of transistors 630, 632 are
coupled together to a supply voltage. In the illustrated
implementation, this supply voltage is supply voltage V,
617 that is derived from the input terminal of the second
current amplification stage in the local amplifier (e.g., sec-
ond current amplification stage 488, 588 of FIGS. 4, 5). In
other implementations, other supply voltages are possible.
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[0095] The gates of transistors 630, 632 and drain of
transistor 630 are all coupled to first main terminal of sense
transistor 634. The drain of transistor 632 is coupled to a first
main terminal of switch 638. In the illustrated implementa-
tion, control terminals of sense transistor 634, and switch
638 are coupled to second gate-source voltage V ¢, 619 that
is indicative of the voltage dropped between the gate and the
source of a transistor in the fourth current mirror 612.
[0096] When the second gate-source voltage V 5, 619 (or
other voltage in the local amplifier that is indicative of the
level of the output current) is beyond a positive threshold
value, then sense transistor 634 conducts. In particular, the
positive gate-source voltage on the control terminal of sense
transistor 634 switches it into conduction and a current
conduction path that passes through PMOS transistor 630
and sense transistor 634 is formed.

[0097] The threshold signal U 626 provides a current
when gate-source voltage V 55, 619 exceeds a gate threshold
from the fourth current mirror 612. When the gate threshold
is exceeded, this indicates that all the current mirrors are
ready to supply current to the load. As a consequence the
boost circuit from FIG. 4 will be gradually or be completely
switched off.

[0098] FIG. 7 further illustrates a discharge current mirror
of the driver interface power supply, in accordance with
teachings of the present invention. The discharge current
mirror 704 discharges a local power supply (e.g., local
power supplies 109, 115, FIG. 1) in response to detection
that the output voltage of the local power supply is higher
than V.- 403.

[0099] Discharge current mirror 704 is coupled to dis-
charge a variety of different nodes in the local power supply
at the same time. By discharging multiple nodes at the same
time, discharge current mirror 704 can prevent excessively
large potential differences from arising in the local power
supply during discharge.

[0100] The illustrated implementation of discharge current
mirror 704 is coupled to receive at least a part of output
current I,,» 784, a sum signal Uy 750, a third current
mirror output signal U; 752, and an output voltage V 754
from nodes within the local power supply. In the implemen-
tation of local power supply 415 (FIG. 4), current [, 784
is received from the output of transconductance differential
amplifier 402. Sum signal Ug 750 is received from a node
coupled to the output of first current amplification stage 477.
Third current output signal U; 752 is received from a node
that is internal to second current amplification stage 478
namely, a node disposed between third current mirror 408
and fourth current mirror 412. Output voltage signal V .+
422 is received from a node coupled to the output of second
current amplification stage 488. In the illustrated implemen-
tation, transistor 730 is coupled to receive a positive current
Ioore 784 that indicates that the output voltage of the local
power supply exceeds the desired voltage. Transistor 730
controls the conduction of current by discharge transistors
732, 734, 736 to discharge different nodes in the local power
supply at the same time.

[0101] FIG. 8 is one example illustrating another example
coupling between dies of within an integrated circuit pack-
age, in accordance with teachings of the present invention.
In some implementations, a transmitter 808 and receiver 810
may be included on the primary side. In other implementa-
tions, both the primary and secondary side can include a
transmitter 808 and receiver 810. In FIG. 8, the inductive
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coupling includes a transmit loop 811 and a receiver loop
813 that are defined in the lead frame 800 of the integrated
circuit package.

[0102] FIG. 8 is a top down perspective of the inductive
coupling. Lead frame 800 is disposed substantially within an
encapsulated portion 863 of an integrated circuit package. In
the illustrated implementation, the lead frame 800 includes
a first conductor including the transmit loop 811 and a
second conductor including the receiver loop 813. The
second conductor of the lead frame is galvanically isolated
from the first conductor. Transmitter conductive loop 811 is
disposed proximate to the receiver conductive loop 813 to
provide a magnetically coupled communication link
between the transmitter conductive loop 811 and the receiver
conductive loop 613. In addition, leads 851 and 852 that are
coupled to a respective of die attach pad 854 and die attach
pad 853. Elements within the encapsulation 863 are dis-
posed within the encapsulated portion of the integrated
circuit package. Further shown in FIG. 8 is a transmitter 808,
a receiver 810, pads 855, 856, 857, 858, 864, 866, 868, 869,
and bond wires 859, 860, 861, 870, 872, 874, 876, 878.
[0103] In one example, transmitter 808 and receiver 810
are implemented as circuits in integrated circuit dice
included within the encapsulated portion of the integrated
circuit package. Die attach pad 853, which is part of the first
conductor of lead frame 800, is denoted by diagonal cross-
hatching in FIG. 8 and denotes the portion of the lead frame
800 onto which transmitter 808 is mounted. Similarly, die
attach pad 854, which is part of the second conductor of lead
frame 800, is shaded with diagonal cross-hatching in FIG. 8
and denotes the portion of the lead frame 800 onto which the
receiver 810 is mounted. In one example, the transmitter 808
and receiver 810 are attached to the respective isolated first
and second conductors of the lead frame 800 utilizing an
adhesive. The adhesive may be non-conductive. In another
example, the adhesive may be conductive.

[0104] Leads 851 and 852 denote portions of the lead
frame 800 which may couple to circuits that are external to
the integrated circuit package (in other words, outside of
profile 863). Although not shown, various bond wires may
couple either the transmitter 808 or the receiver 810 to any
of the leads 851 or 852.

[0105] The portion of lead frame 800 shaded by loosely
packed dots in FIG. 8 corresponds to the transmitter con-
ductive loop 811. The portion of lead frame 800 and bond
wires 859 and 860 complete the transmitter conductive loop
811. Bond wire 859 and 860 is attached to the portion of lead
frame 800 corresponding to the transmitter conductive loop
811 using wire bonding techniques. Further, the bond wire
859 is coupled to transmitter 808 through pad 855 whereas
bond wire 860 is coupled to the transmitter 808 through pad
856.

[0106] The portion of the lead frame 800 shaded by
densely packed dots in FIG. 8 corresponds to the receiver
conductive loop 813. Bond wires 861 and 857 are attached
to the portion of lead frame 800 corresponding to the
receiver conduction loop 813 using wire bonding tech-
niques. Bond wire 861 and 862 couples the portion of the
lead frame 800 corresponding to the receiver conduction
loop 813 to the receiver 810 via pads 858 and 857, respec-
tively. By utilizing galvanically isolated magnetically
coupled conductive loops of the lead frame to provide a
communications link between the transmitter and receiver
with very little cost added. In addition, utilizing the lead
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frame may also reduce the overall size of the switch con-
troller and the cost of the package.

[0107] Bond wires 870 coupled to pad 868 may represent
a supply voltage connection to the local power supply of the
driver interface. Bond wire 872 coupled to pad 864 may
represent a supply voltage connection to the local power
supply of driver circuit. Bond wire 874 coupled to pad 866
may represent a local ground connection to the local power
supply of driver circuit.

[0108] FIG. 9 is one example of a pulse output stage, in
accordance with the teachings of the present invention. The
pulse output stage 914 outputs current pulses to a conductor
of' a magnetic coupling. Pulse output stage 914 can output
pulses to either of a primary side conductive loop or both of
a secondary side conductive loop, depending on the device.
For example, pulse output stage 914 can act as pulse output
stage 181 (FIG. 1).

[0109] In some implementations, the transmitting loop of
the magnetic coupling has a relatively small number of turns
(e.g., a single turn that includes a portion of a lead frame, a
bondwire, or surface metallization). The inductance of such
a loop is very small. For a given voltage step input, the
current through the loop will rapidly reach a steady state and
almost all of the voltage in the step will be dropped across
other impedances (such as, e.g., the output resistance of the
circuitry that supplies the voltage step).

[0110] However, as the current through the transmitting
loop approaches a steady state, the voltage induced in the
receiving loop likewise reduces to zero. Information is no
longer conveyed notwithstanding the ongoing power con-
sumption due to the steady state current flow through the
transmitting loop. As discussed above, it would thus be
favorable to limit the transmission signals to relatively short
current pulses with a high amplitude and rapid changes.
Such large, rapid changes in current flow through the
transmitting coil will induce relatively large voltage signals
in the receiving coil.

[0111] Pulse output stage 914 is configured to control the
dissipation of the magnetically stored energy by controlling
a reversal in polarity of the transmitting coil after the
application of a relatively large, rapid current pulse. The
magnitude of the opposite polarity can be controlled to
balance the need for relatively rapid dissipation of the
energy stored in the transmitting coil with the need to protect
the circuitry that provides the current pulses from the
opposite polarity voltage. In particular, a voltage in the
opposite direction of the pulses accompanies the dissipation
of the magnetic energy stored in the transmitting coil. This
also induces a voltage in the receiving coil.

[0112] However, the magnitudes of the voltage generally
cannot exceed a certain level. An excessively large voltage
may drive some components of the circuitry that outputs the
current pulses out of the safe operating conditions. For
example, if the voltage drop across the transistors becomes
excessively large, then the transistors may breakdown or
otherwise fail.

[0113] By controlling the reversal of the polarity of trans-
mitting coil, pulse output stage 914 is configured to ensure
that the current in the transmitting coil goes down to nearly
zero between pulses.

[0114] The illustrated implementation of pulse output
stage 914 includes a buffer circuit 904, a drain control circuit
924, a gate control circuit 926, a current-switching stage
999, and an output terminal 927.
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[0115] Current-switching stage 999 is coupled to switch
the relatively large, rapid current pulses that are output over
output terminal 927 and flows through the transmitting coil
of a coupled inductor (not shown). The current for these
pulses is drawn from a power supply that—as a result of this
current draw—undergoes relatively large voltage swings
due to parasitic inductances. For example, the current that
flows through the transmitting coil of the coupled inductor
can be drawn from an external voltage or a power supply
that draws power from a coupling to a power switch in a
power converter. In the illustrated implementation, the cur-
rent for the relatively large, rapid current pulses is supplied
by a raw external voltage V5 923.

[0116] The illustrated implementation of current-switch-
ing stage 999 includes a first transistor 928 and a second
transistor 930 that are arranged in a cascode. Transistors
928, 930 are NMOS and each include a gate, a source, and
a drain.

[0117] In some implementations, the substrate of transistor
928 may include a deep n-well to enable a negative voltage
swing. The deep n-well structure of transistor 930 improves
its transconduction. In the OFF state, transistor 930 shifts the
supply voltage Vo5 923 down. In the ON state, a relatively
large current pulse passes through transistors 930, 928 and
is coupled to output terminal 927 and the transmitting coil of
a coupled inductor (not shown).

[0118] The drain of transistor 930 is coupled to a relatively
less stable high voltage V,z 923 to draw current for the
relatively large, rapid current pulses. As discussed further
below, in some implementations, the voltage swings of high
voltage V.5 923 may be so large that high voltage V5
923 may drop below the output level of a more stable local
power supply as shown in FIG. 2 or FIG. 3.

[0119] The gate of transistor 930 is coupled to a more
stable supply voltage V5 925 that is supplied by such a
local power supply. For example, supply voltage V ;5 925
can be supplied by local power supplies 109, 115 in FIG. 1.
The current capability of transistor 930 will not be reduced
during the downswing of V5 923.

[0120] The source of transistor 930, the drain of transistor
928, and the output of a drain control circuit 924 are coupled
to node 997. As discussed further below, drain control circuit
924 is coupled to node 997 to ensure that the voltage
difference between the drain and source of transistor 928
(i.e., between node 997 and output terminal 927) does not
exceed the drain-to-source tolerance of transistor 928 during
the reversal in the polarity of the voltage across the trans-
mitting coil during dissipation of the magnetic field stored
therein. In particular, drain control circuit 924 is coupled to
allow current to flow between a higher potential node 997
and a lower potential output terminal 927. In some imple-
mentations, the drain control circuit 924 is coupled to
provide a voltage V ;, 937 to the gate control circuit 926.

[0121] The gate of transistor 928 is coupled to gate control
circuit 926. Gate control circuit 926 controls the gate voltage
V938 applied to the gate of transistor 928 while transistor
is in the ON state and in the OFF state. For example, gate
control circuit is coupled to lower the gate voltage V ; 938
during the reversal in the polarity of the voltage across the
transmitting coil during dissipation of the magnetic field
stored therein. By lowering the gate voltage V. 938, it
ensures that the voltage difference between the gate and
source of transistor 928 (i.e., between gate voltage V; 938
and output terminal 927) does not exceed a gate-to-source

Nov. 7,2019

tolerance of transistor 928 during the reversal in the polarity
of the voltage across the transmitting coil during dissipation
of the magnetic field stored therein. In some implementa-
tions, the gate control circuit 926 lowers the gate voltage V4
938 below the negative supply Vg 941 during the back-
swing to achieve short pulses.

[0122] Buffer circuit 904 receives power from supply
voltage Vs 925 and a negative supply voltage Vo 941.
Supply voltage Vs 925 is supplied by a local power
supply, e.g., local power supplies 109, 115, 209, 415 in the
respective of FIGS. 1, 2, 4.

[0123] Buffer circuit 904 outputs a signal U, 921 that is
coupled to the gate control circuit 926. Signal U, 921
conveys information decoded by a decoder circuit to gate
control circuit 926 for transmission to the receiving coil.
[0124] FIG. 10 further illustrates one example of the drain
control circuit of the pulse output stage, in accordance with
the teachings of the present invention. The illustrated drain
control circuit can be coupled between the drain and the
source of a transistor (e.g., transistor 928 in FIG. 9) in the
output stage of a transmitter that participates in the switch-
ing the relatively large current pulses that are delivered to
the transmitting coil of a magnetic coupling. The drain
control circuit helps ensure that the voltage difference
between the drain and source of such a transistor does not
exit the safe operating area during the reversal in the polarity
of the voltage across the transmitting coil during dissipation
of the magnetic field stored therein.

[0125] The illustrated drain control circuit 1040 includes a
group of switchable current flow paths 1091, 1092, 1093 that
are coupled between a pair of nodes 1090, 1089. Nodes
1090, 1089 can be coupled to the respective of the drain and
source a transistor in the output stage (e.g., transistor 928 in
FIG. 9). Current flow paths 1091, 1092, 1093 are configured
to conduct different magnitude currents and/or switch into
conduction at different times or voltages during the reversal
in the polarity to control the potential difference between the
drain and source of the transistor.

[0126] Current flow path 1091 includes a first current
mirror 1009, a second current mirror 1011, an NMOS
transistor 1024, and an NMOS transistor 1020. First current
mirror 1009 includes a pair of PMOS transistors 1012, 1014.
The sources of PMOS transistors 1012, 1014 are coupled to
node 1090 and can be coupled to the drain of a transistor in
the output stage of a transmitter. The gates of PMOS
transistors 1012, 1014 and the drain of PMOS transistor
1012 are coupled together to the drain of NMOS transistor
1024 and to the gate of NMOS transistor 1020. The gate of
NMOS transistor 1024 is coupled to a negative supply
voltage V . 1041.

[0127] Second current mirror 1011 includes a pair of
NMOS transistors 1016, 1018. The sources of NMOS tran-
sistors 1016, 1018 are both coupled to negative supply
voltage Vo 1041. The gates of NMOS transistors 1016,
1018 and the drain of NMOS transistor 1016 are all coupled
together to the drain of PMOS transistor 1014. The drain of
NMOS transistor 1018 is coupled to node 1090.

[0128] In operation, NMOS transistor 1024 switches into
conduction as the potential of node 1089 drops sufficiently
far below negative supply voltage V¢, 1041. In the linear
region of NMOS transistor 1024, the magnitude of this
current is approximately equal to the potential difference
between the negative supply voltage Vo 1041 and the
potential of node 1089.
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[0129] This same current is conducted through PMOS
transistor 1012 and mirrored by PMOS transistor 1014. The
current flow through PMOS transistor 1014 biases the gates
of NMOS transistors 1016, 1018 in second current mirror
1011. The current flow through PMOS transistor 1014 and
NMOS transistor 1016 is mirrored by NMOS transistor 1018
so that current flows between node 1090 and the negative
supply Vs 1041. This current helps lowers the voltage on
node 1090 as current flows through transistor 930 by
increasing the voltage drop of transistor 930.

[0130] Current flow path 1092 includes an NMOS tran-
sistor 1040. NMOS transistor 1040 includes a gate, a source,
and a drain. The drain of NMOS transistor 1040 is coupled
to node 1090 and can be coupled to the drain of a transistor
in the output stage of a transmitter. The source of NMOS
transistor 1040 is coupled to node 1089 and can be coupled
to the source of the same transistor. The gate of NMOS
transistor 1040 is coupled to a negative supply voltage Vg
1041. In operation, NMOS transistor 1040 switches into
conduction as the potential of node 1089 drops sufficiently
far below negative supply voltage V. 1041. Current flows
between nodes 1090, 1089 and reduces the voltage differ-
ence between the source and drain of the transistor coupled
thereto.

[0131] Current flow path 1093 includes a group of NMOS
transistors 1032, 1034, 1036, 1042 that each has a gate, a
source, and a drain. NMOS transistors 1032, 1034, 1042 are
all diode-connected. The gate and drain of NMOS transistor
1034 are coupled to a positive supply voltage V5 1005.
Positive supply voltage V55 1005 can be supplied by local
power supply 115, 415 in FIG. 1 and FIG. 4. The gate and
drain of NMOS transistor 1032 are coupled to the source of
NMOS transistor 1034 as well as the gate of NMOS tran-
sistor 1036. The drain of NMOS transistor 1036 is coupled
to node 1090. The sources of NMOS transistors 1032, 1036
are both coupled to the gate and drain of NMOS transistor
1042. The source and body of NMOS transistor 1038 are
coupled to node 1089 as are the bodies of NMOS transistors
1032, 1036.

[0132] In operation, as a positive potential difference
arises between the gates of NMOS transistors 1032, 1036,
1042 and their respective bodies, the channel between their
respective sources and drains will increase in conductivity.
For NMOS transistor 1042, this happens as the voltage on
node 1089 drops below the potential set by diode-connected
NMOS transistor 1032, i.e., the positive supply voltage
V s 1005 minus the voltage drops across NMOS transistor
1034 and NMOS transistor 1032. As NMOS transistor 1042
switches into conduction, current will be conducted to node
1089 from both the positive supply voltage Vs 1005 and
node 1090. As a result, the voltage difference between nodes
1090, 1089 (and the voltage difference between the drain the
source of the transistor that conducts the current pulses to the
transmitting coil) can be controlled.

[0133] In the event of a negative backswing of a pulse
during signal transmission, then the voltage at 1027 falls
below zero, then the gate source voltages of transistor 1040
and transistor 1024 become positive, and consequently
transistor 1040 and transistor 1024 provide substantial drain
currents. The drain current of transistor 1040 is directly used
to sink current from node 1090. Thanks to the current sink,
the voltage level at node 1090 is limited to assure that the
drain source voltage of transistor 928 remains in the safe
operating area.

Nov. 7,2019

[0134] In some implementations, the drain current of
transistor 1024 sinks current from node 1090 by means of a
further current amplification provided by current mirrors
1009 and 1011. In some cases, the gate-source capacitance
of transistor 1020 dynamically injects current into the input
of the current mirror 1009 to increase the speed the of
voltage limiter function. Because transistors 1024 and 1040
have the same device structure as transistor 928, the char-
acteristics of these devices easily match each other and the
voltage limiter function can be adjusted by the ratio of the
device geometries.

[0135] In some cases, current flow path 1093 provides a
current in the microampere range to sink the potentially
increased leakage current of the high voltage transistor 930,
thereby keeping the drain/source voltage of transistor 928
within the safe operating area.

[0136] FIG. 11 further illustrates the buffer circuit and gate
control circuit of the pulse output stage, in accordance with
the teachings of the present invention. The buffer 1104
circuit is coupled to the gate control circuit. The buffer
circuit 1104 can increase the signal strength of pulse request
input signal U, ,, 922 and provide a voltage V 5~ 1113 for the
gate control circuit 1126.

[0137] The illustrated gate control circuit can be coupled
between the gate and the source of a transistor (e.g., tran-
sistor 928 in FIG. 9) in the output stage of a transmitter that
participates in the switching the relatively large current
pulses that are delivered to the transmitting coil of a mag-
netic coupling. The gate control circuit can help ensure that
the voltage difference between the gate and source of that
transistor remains consistent with the desired state of the
transistor (i.e., the increasing current during ON-state or
decreasing current curing OFF-state) while at the same time
ensuring that all of the constituents of the gate control circuit
do not exit the safe operating area during the reversal in the
polarity of the voltage across the transmitting coil during
dissipation of the magnetic field stored therein.

[0138] Buffer circuit 1104 can increase the signal strength
of the pulse request signal U, 922. The buffer circuit
outputs a signal Up 1112 to the gate control circuit 1126.
Buffer circuit 1104 includes a first inverter 1105, a second
inverter 1107, a third inverter 1109, and a fourth inverter
1111. The first, second, third, and fourth inverters are
coupled to a positive supply voltage V5 1103 and a
negative supply Vs 1141.

[0139] The second inverter 1107 also drives a fifth inverter
circuit comprising of transistors 1132 and 1128 which pro-
vides an output voltage U, 112, which provides an inverse
signal of pulse request input signal U,,,, 1122. The fifth
inverter circuit is coupled to a positive supply voltage V5
1103, and a negative supply voltage V¢, 1141. The output of
the fifth inverter circuit is further coupled to an NMOS
transistor 1130.

[0140] Gate control circuit 1126 includes PMOS transistor
1146, and NMOS transistors 1134, 1136. Transistors 1134,
1136, 1146 cach include a source, a gate and a drain.
Circuitry 1126 couples and uncouples a gate control signal
into the gate of the transistor that participates in the switch-
ing the relatively large current pulses to a power supply.
Power for the gate control signal is provided by a power
supply that is more stable that the supply which provides the
relatively large current pulses that are delivered to the
transmitting coil of a magnetic coupling. For example, the
power for the gate control signal can be supplied by a local
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power supply such as, e.g., local power supplies 109, 115,
209, 415 in the respective of FIGS. 1, 2, 4. Circuitry 1187
couples and uncouples the gate of transistor 928 to allow a
reversed polarity voltage across the transmitting coil during
dissipation of the magnetic field stored therein.

[0141] In the illustrated implementation, gate control cir-
cuit 1126 includes a PMOS transistor 1146. PMOS transistor
1146 includes a source, a gate, and a drain. The source of
PMOS transistor 1146 is coupled to a gate control signal that
switches between logic high and logic low states. A logic
high states indicates that a positive voltage is to be supplied
to the transmitting coil of the magnetic coupling. A logic low
states indicates that the supply of such a relatively large
voltage is to be reduced to zero so that the energy stored in
the transmitting coil can be dissipated.

[0142] Circuitry 1187 includes a pair of NMOS transistors
1134, 1136 each include a gate, source, and drain. As shown,
e.g., in FIG. 9, this output is also coupled to the source of an
NMOS transistor that participates in the switching of those
current pulses (i.e., transistor 928 in FIG. 9).

[0143] The gate of NMOS transistor 1134 is coupled to a
common gate signal V, 1137. The gate of transistor 1136
is coupled to receive the controlled signal U, 1112. The
controlled signal U, 1112 is coupled to transistor 1136.
[0144] In operation, if the difference between the refer-
ence potential on the gate of PMOS transistor 1146 and the
potential of the gate control signal on the source of PMOS
transistor 1146 remains below the threshold voltage of
PMOS transistor 1146 (i.e., when the gate control signal is
in a logic high state), then PMOS transistor 1146 will be in
the ON state and a low impedance channel will be formed
between its source and drain. This will apply the logic high
level of the gate control signal to the gate of an NMOS
transistor that participates in the switching the relatively
large current pulses to a power supply (e.g., transistor 928 in
FIG. 9), driving it into the conductive ON-state. A relatively
large current pulse will be applied to the transmitting coil of
the magnetic coupling.

[0145] However, if the difference between the reference
potential on the gate of PMOS transistor 1146 and the
potential of the gate control signal on the source of PMOS
transistor 1146 rises above the threshold voltage of PMOS
transistor 1146 (i.e., when the gate control signal switches
into a logic low state), then PMOS transistor 1146 will
transition into the OFF state and the impedance between its
source and drain will increase. This will in effect end the
relatively large current pulse and the polarity across the
transmitting coil of the magnetic coupling will reverse.
[0146] In the illustrated implementation with positive cur-
rent pulses, as the potential across the transmitting coil of the
magnetic coupling reverses in polarity, the output of the
pulse output stage will fall below the threshold voltage of
NMOS transistor 1136 will transition into a conductive ON
state. The potential on the gate of the NMOS transistor that
participates in the switching the relatively large current
pulses to a power supply (i.e., transistor 928 in FIG. 9) will
follow the negative potential of the pulse output stage with
a diode-drop offset provided by NMOS transistors 1134,
1136. Current that dissipates the magnetic field in the
transmitting coil can flow through NMOS transistors 1134,
1136, 928, 930 and resistor R2 934 to the reference potential.
[0147] During signal transmission, when the pulse request
input signal 1122 is at high level, a buffered signal V5 1113
is passed through a PMOS transistor 1146 to the net 1138,
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which is the gate potential of transistor 928. Consequently
transistor 928 turns-on and which results in a positive swing
of transmitter output voltage (927, 1127).

[0148] During signal transmission, when the pulse request
input signal U, 1122 is at low level, a transition below zero
(a backswing) of the transmitter output voltage 1127 will
occur. During this transition, transistor 1146 provides a high
impedance output. The signal Up 1112 is at high level which
initially turns off transistor 1136 by providing a gate-source
voltage to transistor 928 of substantially zero. The initial
turn-off of transistor 928 could be provided by connecting
the gate of 928 to a negative supply voltage.

[0149] For a negative output of transmitter output voltage
1127, the gate-source voltage of transistor 928 is controlled
to a dedicated positive voltage level which assures that the
negative level of the output voltage 1127 matches the
positive going voltage level while assuring safe operation.
Then, to provide a lower gate potential than a negative
supply voltage Vs 941 for transistor 928, the source of
transistor 1136 is connected to the transmitter output voltage
1127.

[0150] The negative output of transmitter output voltage
1127 also causes a sinking of drain current from transistor
1134 by a second output of the current mirror 1011 by the
common gate signal V;, (1037, 1137). These functions are
combined in this case for the sake of reduced complexity and
space savings. The drain current of transistor 1134 reduces
the gate source voltage of transistor 1136 and consequently
the gate source voltage of the transistor 928 is increased, and
thus the negative level of the transmitter output voltage 1127
is reduced accordingly.

[0151] This effect is primarily limited by transistor 1130,
but also by transistor 1128. The dimensioning is according
to the overall safe operating area requirements of transistor
1136. The size and the gate source voltage of transistor 1136
are key parameters to define the negative output level of
transmitter output voltage 1127.

[0152] Because the involved circuitry use same basic
device structures, the characteristics of these devices can be
matched to each other and the gate control function can be
easily adjusted.

[0153] The above description of illustrated examples of
the present invention, including what is described in the
Abstract, are not intended to be exhaustive or to be a
limitation to the precise forms disclosed. While specific
embodiments of, and examples for, the invention are
described herein for illustrative purposes, various equivalent
modifications are possible without departing from the
broader spirit and scope of the present invention. Indeed, it
is appreciated that the specific example voltages, currents,
frequencies, power range values, times, etc., are provided for
explanation purposes and that other values may also be
employed in other embodiments and examples in accor-
dance with the teachings of the present invention.

[0154] These modifications can be made to examples of
the invention in light of the above detailed description. The
terms used in the following claims should not be construed
to limit the invention to the specific embodiments disclosed
in the specification and the claims. Rather, the scope is to be
determined entirely by the following claims, which are to be
construed in accordance with established doctrines of claim
interpretation. The present specification and figures are
accordingly to be regarded as illustrative rather than restric-
tive.
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[0155] For example, the invention may be implemented in
accordance with one or more of the following embodiments.
[0156] Embodiment 1. Signal transmission circuitry com-
prising a conductive transmitting coil, a first power supply,
a semiconductor switch to reversibly couple the transmitting
coil to the first power supply, control circuitry to control the
coupling of the transmitting coil to the first power supply by
the semiconductor switch, a second power supply coupled to
supply power to the control circuitry.

[0157] Embodiment 2. The signal transmission circuitry of
embodiment 1, wherein the second power supply comprises
a supply capacitor that stores a charge supplied by the
second power supply, and a variable current source respon-
sive to boost a current supplied to the supply capacitor in
response to a request signal.

[0158] Embodiment 3. The signal transmission circuitry of
any one of embodiments 1 to 2, wherein the second power
supply comprises a transconductance amplifier to output a
current that is responsive to a difference between an actual
output voltage and a desired output voltage of the second
power supply.

[0159] Embodiment 4. The signal transmission circuitry of
embodiment 3, wherein the transconductance amplification
stage comprises a first amplification stage comprising a first
transistor driven in the linear mode by the amplified differ-
ence.

[0160] Embodiment 5. The signal transmission circuitry of
any one of embodiments 1 to 4, wherein the second power
supply comprises a current amplifier to amplify a current to
be output by the second power supply, wherein the current
amplifier comprises a current mirror having a branch sup-
plied by the first power supply.

[0161] Embodiment 6. The signal transmission circuitry of
embodiment 5, wherein the current amplifier comprises a
first current mirror having a first, relatively higher upper-
cutoff frequency, a second current mirror having a second,
relatively lower upper-cutoff frequency, for example,
wherein the second upper cut-off frequency is between
1/30th and % of the first upper cut-off frequency.

[0162] Embodiment 7. The signal transmission circuitry of
any one of embodiments 1 to 6, wherein the second power
supply comprises a threshold detection circuit to detect
whether an output current of the second power supply
exceeds a threshold level and output a signal indicative
thereof.

[0163] Embodiment 8. The signal transmission circuitry of
embodiment 7, wherein the signal transmission circuitry
comprises the variable current source, and the signal indica-
tive of the output current exceeding the threshold voltage
level is operative to reduce the boosting of the current
supplied by the variable current source.

[0164] Embodiment 9. The signal transmission circuitry of
any one of embodiments 1 to 8, a discharge circuit coupled
to discharge one or more nodes in the second power supply
in response to a signal indicating that the output voltage of
the second power supply exceeds a desired voltage.

[0165] Embodiment 10. The signal transmission circuitry
of embodiment 9, wherein the discharge circuit is coupled to
a plurality of nodes in the second power supply.

[0166] Embodiment 11. The signal transmission circuitry
of any one of embodiments 9 to 10, wherein the discharge
circuit comprises a current mirror having a first coupling to
receive a current indicative of the output voltage of the
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second power supply exceeding the upper threshold voltage
and a second coupling to discharge a node within the second
power supply.

[0167] Embodiment 12. The signal transmission circuitry
of embodiment 11, wherein an amount of the discharge of
the node within the second power supply is proportional to
a magnitude of the current indicative of the output voltage
of the second power supply exceeding the upper threshold
voltage.

[0168] Embodiment 13. The signal transmission circuitry
of any one of embodiments 1 to 12, wherein the first power
supply supplies the second power supply with power.
[0169] Embodiment 14. A device comprising first circuitry
referenced to a first potential, the first circuitry comprising
signal transmission circuitry, second circuitry referenced to
a second potential and galvanically isolated from the first
circuitry, the second circuitry comprising signal reception
circuitry, and a magnetic coupling between the first circuitry
to the second circuitry across the galvanic isolation, the
magnetic coupling comprising a conductive transmitting
coil and a conductive receiving coil, wherein the signal
transmission circuitry comprises a first supply having a first
polarity with respect to the first potential, an output stage
switch coupled between the conductive transmitting coil and
the first supply to switch current conduction therebetween,
and control circuitry coupled to intermittently switch the
output stage switch between a more conductive state and a
less conductive state and thereby transmit a signal over the
transmitting coil, the control circuitry further coupled to
control a voltage generated by the transmitting coil in
response to the output stage switch being switched from the
more conductive state into the less conductive state, wherein
the voltage generated by the transmitting coil has an oppo-
site second polarity with respect to the first potential.
[0170] Embodiment 15. The device of embodiment 14,
wherein the signal transmission circuitry comprises the
signal transmission circuitry of any one of embodiments 1 to
13.

[0171] Embodiment 16. The device of any one of embodi-
ments 14 to 15, wherein the control circuitry is coupled to
apply an opposite polarity voltage to a control terminal of a
transistor in the output stage.

[0172] Embodiment 17. The device of any one of embodi-
ments 14 to 16, wherein the output stage comprises a first
transistor and a second transistor, the first transistor is
coupled between the supply voltage and the second transis-
tor, the second transistor is coupled between the second
transistor and the transmitting coil.

[0173] Embodiment 18. The device of embodiment 17,
wherein the control circuitry is coupled to control a potential
applied to a control terminal of the second transistor and a
potential across main terminals of the second transistor.
[0174] Embodiment 19. The device of any one of embodi-
ments 17 to 18, wherein the control circuitry comprises one
or more switchable current flow paths between the main
terminals of the second transistor.

[0175] Embodiment 20. The device of any one of embodi-
ments 17 to 19, further comprising a p-channel MOSFET
coupled between the control terminal of the second transis-
tor and a second supply voltage, wherein the p-channel
MOSFET conducts to couple the second supply voltage to
the control terminal of the second transistor when the output
stage switch is in the more conductive state and the p-chan-
nel MOSFET isolates the control terminal of the second
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transistor from the second supply voltage when the output
stage switch is in the less conductive state.

[0176] Embodiment 21. The device of any one of embodi-
ments 17 to 20, further comprising an n-channel MOSFET
coupled between the control terminal of the second transis-
tor and a reference voltage having a second polarity opposite
the first polarity, wherein the n-channel MOSFET conducts
to couple the control terminal of the second transistor to the
reference voltage when the output stage switch is in the less
conductive state.

[0177] Embodiment 22. The device of any one of one of
embodiments 17 to 21 wherein the second transistor com-
prises electrical isolation disposed between a substrate of the
second transistor and a bulk of an active region of the second
transistor.

[0178] Embodiment 23. The device of embodiment 22,
wherein the electrical isolation comprises an NMOS in deep
n-well or an insulating layer of a silicon-on-insulator device.
[0179] Embodiment 24. The device of any one of embodi-
ments 17 to 23, wherein the control circuitry comprises
adjustable current circuitry coupling the potential between
the first transistor and the second transistor to the voltage
generated by the transmitting coil.

[0180] Embodiment 25. The device of embodiment 24,
wherein the adjustable current circuitry comprises one or
more current mirrors coupling the potential between the first
transistor and the second transistor to the voltage generated
by the transmitting coil.

[0181] Embodiment 26. The device of any one of embodi-
ments 14 to 25, wherein the first circuitry and the second
circuitry are disposed in a single semiconductor package.
[0182] Embodiment 27. The device of embodiment 26,
wherein the magnetic coupling is disposed in the single
semiconductor package.

[0183] Embodiment 28. The device of any one of embodi-
ments 1 to 27, where the transmitting coil comprises one of
a portion of a lead frame, an upper layer metallization of an
integrated circuit, and a bond wire.

[0184] Embodiment 29. The device of any one of embodi-
ments 1 to 28, wherein the transmitting coil has an induc-
tance of 50 nH or less, e.g., 20 nH or less.

What is claimed is:
1. A power conversion system, comprising:

a system controller configured to generate an input signal
in response to a system input; and
a switch controller coupled to the system controller, the
switch controller configured to control a power switch,
the switch controller comprising:
a driver interface configured to receive the input signal
that indicates whether the power switch should be
ON or OFF, the driver interface further configured to
transmit one or more current pulses across a galvanic
isolation using an inductive coupling, wherein the
driver interface comprises:

a first local power supply configured to increase an
output voltage of the first local power supply when
a transmission of current pulses is imminent; and

a primary side decoder circuit configured to receive
the input signal and generate a pulse request signal
that indicates to the first local power supply the
transmission of current pulses is imminent; and
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a drive circuit configured to receive a receiver signal
induced by the inductive coupling and control the
power switch to an ON state or an Off state, the drive
circuit comprising:

a second local power supply;

a decoder circuit configured to receive the receiver
signal, the decoder circuit further configured to gen-
erate a decoded signal in response to the receiver
signal; and

a driver configured to receive the decoded signal, the
driver further configured to output a drive signal to
control the power switch to the ON or OFF state.

2. The power conversion system of claim 1, wherein the

driver interface comprises a pulse output stage configured to
output the current pulses in response to the input signal.

3. The power conversion system of claim 2, wherein the

first local power supply comprises:

an error amplifier configured to output an error signal
representative of a difference between an output volt-
age of the first local power supply and a reference
voltage;

a transconductance amplification stage coupled to the
error amplifier, the transconductance amplification
stage configured to receive the error signal and output
a current that is representative of a magnitude of the
output voltage;

a first current amplification stage configured to amplify
the current that is representative of the magnitude of the
output voltage;

a current boost circuit configured to receive the pulse
request signal, the current boost circuit further config-
ured to boost the current that is representative of the
magnitude of the output voltage; and

a second current amplification stage configured to receive
the current from the first current amplification stage and
the current boost circuit, the second current amplifica-
tion stage further configured to amplify the current and
generate a charging current.

4. The power conversion system of claim 1, wherein the

second local power supply comprises:

a transconductance differential amplifier configured to
generate an output current to an output node that is
representative of a difference between a reference volt-
age and a supply voltage of the second local power
supply;

a current boost circuit configured to receive a request
signal, the current boost circuit further configured to
output a boost current to the output node;

a first current amplification stage configured to receive the
boost current from the output node, the first current
amplification stage further configured to amplify a first
current and a second current; and

a second current amplification stage coupled to the first
current amplification stage, the second current ampli-
fication stage configured to receive the first current and
the second current and output a fourth current.

5. The power conversion system of claim 4, wherein the

first current amplification stage comprises:

a first current mirror coupled to the transconductance
differential amplifier, the first current mirror having an
upper cutoff frequency and configured to generate the
first current in response to the output current at the
output node; and
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a second current mirror coupled to the first current mirror,
the second current mirror configured to generate the
second current in response to the output current at the
output node, wherein the second current mirror has an
upper cutoff frequency that is lower than the upper
cutoff frequency of the first current mirror.

6. The power conversion system of claim 5, wherein the

second current amplification stage comprises:

a third current mirror configured to output a third current
signal in response to the first current and the second
current; and

a fourth current mirror configured to output a fourth
current signal in response to the third current signal.

7. The power conversion system of claim 6, wherein the
second current amplification stage is coupled to a current
threshold detection circuit, the current threshold detection
circuit configured to detect a current level of the second local
power supply and output a threshold signal in response to a
minimum current not being met.

8. The power conversion system of claim 7, wherein the
third current mirror provides a local supply voltage to the
current threshold detection circuit.

9. The power conversion system of claim 6, wherein the
second local power supply further comprises a discharge
current mirror coupled to discharge a node of sum signal, a
node of the third current mirror, and the output voltage in
response to the output voltage rising above a second voltage
reference.

10. The power conversion system of claim 5, wherein the
transconductance differential amplifier configured to output
a positive current when the supply voltage is higher than the
reference voltage, the transconductance differential ampli-
fier further configured to output a negative current when the
supply voltage is less than the reference voltage.

11. The power conversion system of claim 1, wherein the
system input is a pulse-width modulated signal for a motor
drive.

12. The power conversion system of claim 2, wherein the
pulse output stage comprises:

a buffer circuit configured to receive the pulse request
signal, the buffer circuit further configured to output a
signal that conveys information decoded by a decoder
circuit;

a current-switching stage configured to switch a relatively
large current pulse over an output terminal;

a gate control circuit coupled to the current-switching
stage, the gate control circuit configured to lower a gate
voltage during a reversal in a polarity of a voltage
across the inductive coupling during dissipation of a
magnetic field; and

a drain control circuit coupled to the current-switching
stage, the drain control circuit configured to allow
current to flow between a higher potential node and a
lower potential output terminal.

13. The power conversion system of claim 12, wherein the

current-switching stage comprises:

a first transistor and a second transistor arranged in
cascode, and the second transistor includes a deep
n-well to enable a negative voltage swing.

14. The power conversion system of claim 12, wherein the
receiver signal is induced in response to one or more current
pulses through a primary side conductive loop of the induc-
tive coupling.

15
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15. A switch controller, comprising:

a primary side conductive loop;

a secondary-side conductive loop, wherein the primary
side conductive loop and the secondary-side conduc-
tive loop are configured to provide galvanic isolation;

a primary-side driver interface configured to control a
power switch, the primary-side driver interface com-
prising:

a pulse generator configured to receive an input pulse
signal which provides information for the power
switch, the pulse generator further configured to
generate a pulse request signal to the primary side
conductive loop when one or more current pulses by
an output stage is imminent;

a local power supply coupled to the pulse generator, the
local power supply configured to receive the pulse
request signal and provide power to the primary-side
driver interface ; and

a secondary-side drive circuit, the secondary-side drive
circuit comprising:

a secondary-side decoder circuit coupled to the sec-
ondary-side conductive loop, the secondary-side
decoder circuit further configured to receive a
receiver voltage induced in the secondary-side con-
ductive loop and generate a decoded signal; and

a driver circuit coupled to the secondary-side decoder
circuit, the driver circuit further configured to pro-
vide a drive signal to the power switch in response to
the decoded signal.

16. The switch controller of claim 15, wherein the local
power supply comprises:

an error amplifier configured to output an error signal
representative of a difference between an output volt-
age of the local power supply and a reference voltage;

a transconductance amplification stage coupled to the
error amplifier, the transconductance amplification
stage further configured to receive the error signal and
output a current that is representative of a magnitude of
the output voltage;

a first current amplification stage configured to amplify
the current that is representative of the magnitude of the
output voltage;

a current boost circuit configured to receive the pulse
request signal and configured to boost the current that
is representative of the magnitude of the output voltage;
and

a second current amplification stage configured to receive
the current from the first current amplification stage and
the current boost circuit, the second current amplifica-
tion stage configured to amplify the current and gen-
erate a charging current.

17. The switch controller of claim 16, wherein the sec-
ondary-side drive circuit further comprises a second local
power supply, the second local power supply comprising:

a transconductance differential amplifier configured to
generate an output current at an output node that is
representative of a difference between a reference volt-
age and a supply voltage of the second local power
supply;

a current boost circuit configured to receive a request
signal and output a boost current to the output node;

a first current amplification stage coupled to receive the
boost current from the output node, the first current
amplification stage configured to amplify a first current
and a second current; and
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a second current amplification stage coupled to the first
current amplification stage, the second current ampli-
fication stage configured to receive the first current and
the second current and output a fourth current.

18. The switch controller of claim 17, wherein the first

current amplification stage comprises:

a first current mirror coupled to the transconductance
differential amplifier, the first current mirror having a
first upper cutoff frequency and configured to generate
the first current in response to the output current at the
output node; and

a second current mirror coupled to the first current mirror,
the second current mirror configured to generate the
second current in response to the current at the output
node, wherein the second current mirror has an upper
cutoff frequency that is lower than upper cutoff fre-
quency of the first current mirror.

19. The switch controller of claim 17, wherein the second

current amplification stage comprises:

a third current mirror configured to receive the first
current and the second current and output a third
current signal; and
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a fourth current mirror configured to receive the third

current signal and output a fourth current signal;

20. The switch controller of claim 19, wherein the second
current amplification stage is coupled to a current threshold
detection circuit, the current threshold detection circuit
further configured to detect a detect a current level of the
second local power supply and output a threshold signal in
response to a minimum current not being met.

21. The switch controller of claim 20, wherein the third
current mirror is configured to provide a local supply voltage
to the current threshold detection circuit.

22. The switch controller of claim 19, wherein the second
local power supply further comprises a discharge current
mirror configured to discharge a node of sum signal, a node
of third current mirror, and an output voltage in response to
the output voltage rising above a second voltage reference.

23. The switch controller of claim 18, wherein the
transconductance amplification stage is configured to output
a positive current when the supply voltage is higher than the
reference voltage, the transconductance amplification stage
further configured to output a negative current when the
supply voltage is less than the reference voltage.
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