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ABSTRACT

In multi-standard transceivers a programmable
decimation filter is required to perform channel
select filtering at baseband since the channel
bandwidths, sampling rates, and CNR require-
ments are different. This paper presents a low
power fifth-order comb decimation filter with
programmable decimation ratios (16 and 8) and
sampling rates (12.8 MHz and 44.8 MHz) for
GSM and DECT applications. The non-recur-
sive architecture for comb filter is employed and
low power VLSI implementation techniques are
developed.

INTRODUCTION

Recent research on radio frequency (RF) com-
munication transceivers focuses on both higher
integration and multi-standard operation. High-
er integration can be obtained by optimizing re-
ceiver architectures to eliminate the off-chip
components. The receiver architectures that per-
forms channel select filtering on chip at base-
band are preferred since digital signal
processing techniques can be easily applied to
adapt to multiple communication standards. Fig.
1 shows the wide-band intermediate frequency
with double conversion (WIF) architecture [1]
which can be used to implement a multi-stand-
ard (DECT and GSM) receiver. The WIF archi-
tecture needs a high dynamic range
oversampling sigma-delta (SD) analog-to-digit-
al (A/D) converter that can adapt to the different
requirements from the multi-standards. The dy-
namic range of a SD A/D converter can be easily
adjusted by selecting different oversampling ra-
tios. Therefore a decimation filter with program-
mable decimation ratios is needed in the A/D

converter.

While the sampling rate and resolution of
oversampling SD A/D converters are typically
determined by their analog modulators, the
power consumption is governed largely by the
digital decimation filters [2]. It is possible to at-
tenuate the quantization noise and undesired
channels with a single filter and then decimate to
the Nyquist rate, but this approach consumes
much power. By decimating in multiple stages,
the complexity of the filters is reduced, and sub-
sequent filters operate at lower sampling rates,
further reducing the power consumption [3]. In
multi-stage decimation filters it has been shown
in [4] that the comb filter is an efficient way to
decimate the output of the analog modulator to
four times the Nyquist rate. Fig. 2 shows a multi-
stage decimation filter suitable for GSM and
DECT applications. To meet the system require-
ments, a fifth-order comb decimation filter (6-bit
input) with programmable decimation ratios
16(GSM) / 8(DECT), and sampling rates 12.8
MHz(GSM) / 44.8 MHz(DECT) is needed.
Since the comb filter operates at the high sam-
pling rate its power consumption is large. Hence
low power implementation of the comb filter is
very important.

The non-recursive architecture [5] for comb
filters has lower power consumption compared
with Hogenauer’s cascaded-integrator-comb
(CIC) architecture [3] especially when the filter
orders and decimation ratios are high. In this
paper the non-recursive architecture is
employed to design the comb filter. Low power
techniques have been developed for VLSI
implementation of the non-recursive architec-
ture.
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Fig. 1. Wide-band IF with double conversion receiver architecture.
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Fig. 2. Multi-stage linear-phase decimation filter.

REVIEW OF THE NON-RECURSIVE ARCHITECTURE

Comb filters has the following transfer function

l—ziN : —i
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where N is the decimation ratio and £ is the filer
order. Notice that sometimes a scaling factor 1/
NFis included in the transfer function in order to
make the dc gain unity.

Usually the decimation factor N is chosen to
be M-th power-of-two, i.e. N = 2M The transfer
function can be rewritten as
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By applying the commutative rule, the non-
recursive architecture for comb decimation fil-
ters is resulted, shown in Fig. 3. The switches in
the figure indicate the reduction in the sampling
rates by a factor of 2. Every stage is a simple

FIR filter (i.e., (1+z")%). The word length
increases through every stage by & bits but the
sampling rate decreases through every stage by
a factor of 2. Reducing the sampling rates as
early as possible helps to save power consump-
tion. On the other hand, the wordlength of the
first stage is very short (m + k, where m is the
wordlength of the input x(7)) so the non-recur-
sive architecture can achieve higher speed com-
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Fig. 3. The non-recursive architecture for comb decima-
tion filters.

pared with the CIC architecture.

LOW POWER IMPLEMENTATION OF THE NON-
RECURSIVE ARCHITECTURE

One approach to implement each stage (1+z'1)k
is to cascade the (1+z’!) processing element,
shown in Fig. 4(a). In this paper £ is 5. By fur-
ther investigating this approach, we noticed that
half of the computational operation is not neces-
sary in each stage since only half of the output
data will be fed into the next stage because of the
decimating by a factor of 2. In order to reduce
power consumption the unnecessary computa-
tion should be eliminated. Based on this consid-
eration, we developed a new technique to
implement each stage. Using polyphase decom-
position [6][7], the transfer function (1+z'1)5 of
each stage can be rewritten as

15 _ _ _ _ _
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where Eo(zz) and E 1(22) are polyphase compo-
nents. By applying commutative rule, a low-
power polyphase implementation for each stage
is resulted, shown in Fig. 4(b). Where

Eg(z) = 1+ 102 45,72
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Fig. 4(a). An implementation of stage i by cascading
1+ z'l) computational element.
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Fig. 5. Implementation of E(z) (a) The direct-form structure for FIR filter; (b) The data-broadcast structure; (c) The
multiplications are simplified to a few of shifts and adds; (d) The low-power implementation with substructure shar-

ing.

In this implementation, the input is decimated
by 2 at first and the odd-numbered input data
will go through E(z) and even-numbered input
data will go through E;(z). The output data are
obtained by adding all polyphase components
(Eg(z) and E;(z)) together. Notice that each
polyphase operates at half of the input sampling
rate (i.e., f;; / 2, where f;; is the input sampling
rate of stage /) meanwhile the unnecessary com-
putation has been eliminated. Therefore
polyphase implementation consumes less power
than the cascade implementation.

Low power implementation of each
polyphase component (FIR filter) is also impor-
tant. A FIR filter can be designed with different
structures. We take polyphase component £(z)
(see (4)) as an example to illustrate this. The di-
rect-form structure is shown in Fig. 5(a). The
critical path for processing a new sample is lim-
ited by 1 multiply and 2 add times so this struc-
ture has lower speed. An alternative approach to
reduce the critical path of the direct-form struc-
ture without introducing any pipelining registers
is to transpose the structure with the transposi-

tion theorem [8]. Fig. 5(b) shows the transposed
structure which is referred to as data-broadcast
structure. Notice that the critical path is reduced
to 1 multiply and 1 add times so the data-broad-
cast structure can operate at higher speed. This
makes it possible to use simple lower-speed
adder to perform the addition in the moderate-
speed applications instead of high-speed adders,
such as carry-select adders and carry-lookahead
adders, etc. Power consumption caused by the
addition operation can be reduced. Another low-
power issue is how to implement the multiplica-
tions in Fig. 5(b). First the multiplications are
simplified to a few of shifts and adds, shown in
Fig. 5(c). 5x(n) is calculated as 22x(n) + 20x(n)
and 10x(n) is calculated as 23x(n) + 2'x(n). The
data-broadcast structure make it possible to use
substructure sharing techniques to reduce the
power consumption. For example, 10x(7) can be
obtained by only left-shift Sx(7) 1 bit instead of
using 4 shifts and 1 add. This is shown in Fig.
5(d).

Finally the block diagram of the whole deci-
mation filter is shown in Fig. 6. There are four



Fig. 6. The block diagram of the fifth order comb decimation filter with a decimation ratio of 8 or 16.
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Fig. 7. Low power implementation of 5x (= 2%x + 2%x).

stages. Each stage is implemented with the
same structure (polyphase plus data-broad-
cast). The switches in the figure indicate the
reduction of the sampling rate, and the number
close to each adder indicates the wordlength of
the adder. For GSM applications, the four
stages are needed since the decimation ratio is
16. But for DECT applications, only first three
stages are needed because the decimation ratio
is 8. In this case, a reset signal will make stage
4 inactive to save power consumption.

Recall that each polyphase component has
the Sx(n) operation, and 5x(n) is calculated as

22x(n) + 2%(n) (see the shadowed areas in Fig.
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6). If the wordlength of x(n) is w, a (w+3)-bit
adder is needed in the 2’s complement arithme-
tic to avoid the overflow problem. At first
20 (n) and 22x(n) are extended to (w+3) bits as
shown in Fig. 7(a). Notice that the two LSB bits
of 2%x(n) are zero and the two MSB bits of
2%(n) and 2%x(n) are byjgn- The two LSB bits of
5x(n) will be “b;by” and the first MSB bit of
5x(n) will be “bg;e,,”. In actual design we only

need a (w-1)-bit adder (the shadowed area in
Fig. 7(a)) to get other bits. Therefore we save 4
bits in the adder wordlength. As an example,
assume w = 6. We only need a 5-bit adder



instead of a 9-bit adder to complete the 5x(n)
operation as shown in Fig. 7(b).

CONCLUSIONS

A low-power fifth-order comb decimation filter
with programmable decimation ratios (16 and
8) and sampling rates (12.8 MHz and 44.8
MHz) has been presented for GSM and DECT
applications. Low power consumption is
achieved by the following approaches: 1) the
non-recursive architecture for comb decima-
tion filter is employed; 2) unnecessary compu-
tation is  eliminated with  polyphase
implementation of each stage; 3) each
polyphase component is implemented with
data-broadcast structure, and multiplications
are simplified to a few of shifts and adds then
substructure sharing techniques is applied to
minimize the number of shifts and adds; 4)
5x(n) is realized with a (w-1)-bit adder instead
of'a (w+3)-bit adder.
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access control for programmable protocol processors. In Proc. of
44th IEEE Midwest Symposium on Circuits and Systems, pp.450-453,
Ohio, USA, August 2001.

385. H. Tenhunen and E. Dubrova. Educating the 21st century system and
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64-66, Las Vegas Hilton, Nevada, USA, June 2001.
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characterization of arithmetic wunits in DSM cmos. In Proc. IEEE
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uniform quantizers. In Proc. of 2001 International Symposium on
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RF down conversion mixers. In Proceeding of 2001 IEEJ International
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International Symposium on Quality Electronic Design, pages pp. 319
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efficient signaling in deep submicron CMOS technology. In Proc. Of
the IEEE 2001 International Symposium on Quality of Electronic
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397. Li Li and Hannu Tenhunen. Noise analysis of monolithic RF balanced
down conversion mixer. In Proceeding of 2001 TIEEE Southwest
Symposium on Mixed-Signal Design, pages 70-75, Austin, TEXAS, USA,
February 2001.

398. D. Pamunuwa and H. Tenhunen. Repeater insertion to minimize delay
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International Conference on VLSI Design (VLSI Design 01), pages 513-
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399. Meigen  Shen, L.-R Zheng, and H. Tenhunen. Design and
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2001.
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course for soc program. In Proceedings of the 1International
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406. Steffen Albrecht, Xiaopeng Li, Bingxin Li, Costantino Pala,
Yonghong Gao, Mohammed Ismail, and Hannu Tenhunen "A Sigma-Delta A/D
Based Architecture for Multi-Standard Front-End Radio Receivers" in
Proc. Of IEEJ International Analog VLSI Workshop 2000, Stockholm,
Sweden, 2-3 June, 2000.

407. Steffen Albrecht, Xiaopeng Li, Bingxin Li, Costantino Pala,
Yonghong Gao, Mohammed Ismail, and Hannu Tenhunen. A Sigma-Delta A/D
based architecture for Multi-Standard Front-End radio receivers. In
International Analog VLSI Workshop 2000, Stockholm, Sweden, June
2000.

408. Ben Dhaou and H. Tenhunen. Comparison of OFDM and WPM for fourth
generation broadband WLAN. In "X European Signal Processing
Conference", EUSIPC02000, Tampere, Finland, September 2000.

409. Ben Dhaou and H. Tenhunen. Energy efficient high speed On-Chip
signaling in deep submicron CMOS technology. In ACM SIGDA
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speed digital switching noise and its impact on sigma delta noise
shapers. In Portugal-China Workshop on Solid-State Circuits,
Shanghai, China, October 2000.

411. A. Gothenberg and H. Tenhunen. Analysis of substrate noise
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bit feedback. In Proceeding of the 43th Midewest Symposioum on
Circuits and Systems, Lansing, USA, August 2000.
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419. I. Ben Dhaou and H. Tenhunen, "Energy Efficient High Speed On-Chip
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425. H. Tenhunen, H. Olson, E. Dubrova & J. Oberg: International Master
of Science Program in System-on-Chip (SoC) Design at KTH, in Proc.
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Level Performance Characterization of a Protocol Processor
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430. L. Li & H. Tenhunen: Comparison of Current and Voltage Mode
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Norchip Conference, Nov. 2000
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Proc. of IEEE 50th Electronic Components adn Technology Conference,
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432. L. R. Zheng and H. Tenhunen. Single level integrated packaging
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transition control for FSM programmable protocol processors. In 43rd
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Protocol Processor Architecture. In Proceedings of the 18th IEEE
Norchip Conference, 2000.

435. A. Gothenberg, E. Soenen, and H. Tenhunen, "Modeling and Analysis
of Substrate Coupled Noise in Pipelined Data Converters", Submitted
to IEEE Southwest Symposium on Mixed-Signal Design, San Diego, CA,
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436. Dinesh Pamunuwa, Li-Rong Zheng, Hannu Tenhunen "Error-Control
Coding to Combat Digital Noise in Interconnects for ULSI Circuits"
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437. A. Postula, A. Hemani,H. Tenhunen "Interconnect Centered Design
Methodology for System-on-Chip" in proc. of the 17th IEEE NORCHIP
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438. H. Tenhunen "Physical Architecture of ULSI System Course
Development™ in Proc. of IEEE/ACM Int. Conference on Frontiers in
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439. H. Tenhunen & J. Isoaho "New Computer Engineering Microelectronics
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Implementation of Orthogonal Wavelet Transform Using Asynchronous
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98-105, Oslo, Norway, Nov. 1999.
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Mapping" In the proc. of IEEE NORCHIP'99, pp. 334-339, Oslo, Norway,
November 8-9, 1999.

443. Y. Gao, L. Jia and H. Tenhunen "Low-power implementation of a
fifth-order comb decimation filter for multi-standard transceiver
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idealities in High Order Sigma Delta Modulators" in the Proc. of the
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Slowly Fading Diversity Branches with a Common Frequency Offset"™, in
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453. I.Ben Dhaou, L. Horvath and H. Tenhunen, "A Novel Low-power, High
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454.Y. Gao and H. Tenhunen, "Implementation aspects of an oversampling
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455. Y. Gao, L. Jia and H. Tenhunen, "A Viterbi Decoder ASIC for
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10th IEEE International Symposium on Personal, Indoor and Mobile
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456. L.Jia, Y.Gao, H. Tenhunen "Power Optimization in Cell-Based
Design", in Proc. of the 8th International Symposium on Integrated
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457. L.Jia, Y.Gao, H. Tenhunen "Efficient VLSI Implementation of Radix-
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460. Y. Gao, L. Jia and H. Tenhunen "Design and implementation of a 71
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461. Y. Gao, L. Jia and H. Tenhunen "An improved architecture and
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462. Andreas Gothenberg, Bingxin Li, and Hannu Tenhunen "A Method for
Stability and Performance Analysis of Low Oversampling Ratio Higher
Order Sigma Delta Noise Shaper Architectures" The 42nd Midwest
Symposium on Circuits and Systems, Las Cruces, NM, USA, August 8-11,
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463. Jianhua Guo, Li Li and Hannu Tenhunen "Modeling and Analysis of
Substrate Coupling in Mixed-Signal RF CMOS Mixer", in Proc. of the
fourthInternational Conference on Electronic Measurement and
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464. Y. Gao, L. Jia and H. Tenhunen "A VLSI Architecture for High Speed
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presented at the 3rd IMACS/IEEE International Multiconference on:
Circuits, Systems, Communications and Computers (CSCC'99), Greece,
July, 1999.
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473. I.Ben Dhaou and H. Tenhunen "Combinatorial Architectural Level
Power Optimization for a Class of Orthogonal Transforms", in Proc.
of IEEE Int. Symp. on Circuits and Systems (ISCAS), Vol. 1 pp. I 70
- I 75, Orlando, USA, 30/5 - 2/6, 1999.
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Circuits" in proc. of the 20th Anniversary Conference on Advanced
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479. H. Tenhunen. MEDIA: Strategic research in network systems for
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fourth International Conference on Electronic Measurement and
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Combining with a Kalman Phase Tracker, in Proc. of IEEE personal and
Indoor Mobile Communication Research Conference, Boston, September
1998, pp. 375-380

485. H. Olsson & H. Tenhunen, Implementation Aspects for Non-Coherent
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Spread-Spectrum Technolog and Application Conference, South-Africa,
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486. L. Jia, Y. Gao, J. Isoaho & H. Tenhunen: A New VLSI-oriented FFT
Algorithm and Implementation, 1in Proc. of IEEE Internaional ASIC
Conference, Rochester, USA, Septemeber 1998, pp. 337-341

487. L. Jia, B. Li, Y. Gao & H. Tenhunen: Implementation of a Low-Power
128-Point FFT, in Proc. of 5th Internaional Conference on Solid-
State and Integrated Circuit Technology, Peking, October 1998

488. B.Li, L. Jia & H. Tenhunen: Optimization of Analog Modelling and
Simulation, in Proc. of 5th International Conference on Solid-State
and Integrated Circuit Technology, Peking, October 1998

489. L. Zheng & H. Tenhunen: Transient and Crosstalk Analysis of
Interconnection lines for Single Level Integrated packaging Modules,
in Proc. of 7th IEEE Topical Meeting in on Electronic Performance
of Electronic packaging (EPEP) Conference, New York, October 1998

490. M. Mokthari, B. Kerzar, T. Juhola, G. Schuppener, T. Swahn, R.
Walden & H. Tenhunen: A 2 V, 120 mA 25 Gb/s 2x2 Crosspoint Switch in
InP-HBT Technology, in Proc. Of Int. Solid-State Circuits Conference
(ISSCC’98), pp. 204-205, February 1998, San Fransisco, USA

491. A. Gothenberg & H. Tenhunen: A/D Front-End Strategies for Deep
Submicron CMOS Based on Oversampled Sigma-Delta Converters, in Proc.
Of DSP-Scandinavia Conference, Copenhagen, Denmark, June 1998

492. L. Zheng & H. Tenhunen: Scaling Analysis of Interconnectivity and
Crosstalk in VLSI Circuits, in Proc. of 7th IEEE Topical Meeting in
on Electronic Performance of Electronic packaging (EPEP) Conference,
New York, October 1998

493. Ellie Cijvat, Patrik Eriksson, Nianxiong Tan and Hannu Tenhunen “A
1.8 GHz Subsampling CMOS Downconversion Circuit for Radio
Applications”, in Proc. of IEEE International Symposium on Circuits
and Systems (ISCAS’98), Monterey, May 31- June 2 1998

494 . H. Tenhunen, A. Gothenberg, “Performance Analysis of Low
Oversampling Ratio Sigma-Delta Noise Shapers for RF Applications”,
in Proc. of IEEE International Symposium on Circuits and Systems,
Monterey, California, USA, May 31 - June 3, 1998.

495. M. Mokhtari, H. Tenhunen, G. Schuppener, “A Divide-by-4 Circuit
Implementated in Low Voltage, High Speed Silicon Bipolar Design
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Technology”, in Proc. of IEEE 1International Symposium on Circuits
and Systems, Monterey, California, USA, May 31 - June 3, 1998.

496. A. Djupsjdbacka, P. Ellervee, G. Schuppener, T. Juhola, M.
Mokhtari & H. Tenhunen: “Gb/s Encoder/Decoder Circuits for Fiber
Optical Links in Si-Bipolar Technology”,in Proc of IEEE
International Symposium on Circuits and Systems, Monterey,
California, USA, May 31 - June 3, 1998.

497. A.Gothenberg & H. Tenhunen: Nonlinear Quantization in Low
Oversampling Ratio Sigma-Delta Noise Shapers for RF Applications, in
Proc. of IEEJ Analog VLSI Workshop, Santa Clara, June 1998, pp. 121-
125

498. A.Gothenber & H. Tenhunen, Impact of Non-Idealities in Single and
Multibit Quantizers for Low Oversampling Ratio Sigma-Delta
Converters, in Proc. of IEEE Workshop on Design of Mixed Mode
Integrated Circuits and Applications, Mexico, July 1998, pp. 17-20

499. L-R. Zheng & H. Tenhunen: An Analysis of Interconnectivity under
Noise margin Constraints for low Power and Mixed-Signal VLSI
Circuits, in Proc. of 17th IEEE NORCHIP conference, Novemeber 1998,
pp. 154-162

500. T. Meincke, S. Kumar, A. Hemani, A. Postula, H. Tenhunen,
Evaluating Benefits of Globally Asynchronous Locally Synchronous
VLSI Architectures, in Proc. of 17th IEEE NORCHIP conference,
November 1998, pp. 50-57

501. I.Dahou, H. Tenhunen & J. 1Isoaho: CMOS Power Optimization
Techniques Based on Dynamic programming: Case Study FFT Processor,
in Proc. of 17th IEEE NORCHIP conference, November 1998, pp. 163-173

502. Y. Gao, L. Jia, J. Isocaho & H. Tenhunen: A Comparison of Design of
Comb Decimators for Delta-Sigma Analog-to-Digital Converters, in
Proc. of 17th IEEE NORCHIP conference, November 1998, pp. 207-213

503. L. Jia, Y. Gao, J. Isocaho & H. Tenhunen: An Area-Efficient ACS
Architecture for Viterbi Decoders, in Proc. of 17th IEEE NORCHIP
Conference, November 1998 pp. 109-116

504. L. Li, & H. Tenhunen: State Equation Approach for Noise Analysis
in CMOS Downcoversion Balanced Mixer, in Proc. of 17th IEEE NORCHIP
Conference, November 1998, pp. 302-307

505. A.Gothenberg & H. Tenhunen: Low Ovesampling Ratio Sigma-Delta
noise Shaper Architecture for Wideband Radio Applications, in Proc.
of 17th IEEE NORCHIP Conference, November 1998, pp. 196-206

506. P. Eriksson & H. Tenhunen: Phase Noise in Sampling, in Proc. of
17th IEEE NORCHIP Conference, November 1998, pp. 41-49

507. E. Cijvat, P. Eriksson, N. Tan and H. Tenhunen A 1.8 GHz

Subsampling CMOS Downconversion Circuit for 1Integrated Radio
Applications, in.Proceedings of the 5th IEEE International
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Conference on Electronics,Circuits and Systems, 7-10 september 1998
Lisbon, Portugal, pp. 149-152 of Vol. 3 of the proceedings

1997 Top

508. Ellie Cijvat, Patrik Eriksson, Nianxiong Tan and Hannu Tenhunen “A
1.8 GHz Subsampling CMOS Downconversion Circuit with Integrated A/D
Converter” in Proc. of the 15th IEEE NORCHIP Conference, 10-11
November 1997, Tallin, Estonia.

509. Mehran Mokhtari, Peeter Ellervee, Gerd Schuppener, Tarja Juhola,
Hannu Tenhunen, Anders Djupsjdbacka “Encoder/Decoder for Channel-
Coding in Fiber Optical Links for Gb/s Transmission Rates in Si-
Bipolar Technology” in Proc. of the 15th IEEE NORCHIP Conference,
10-11 November 1997, Tallin, Estonia.

510. N. Tan, E. Cijvat, and H. Tenhunen. Design and implementation of
high-performance CMOS D/A converter. In Proc. IEEE ISCAS'97, pages
421-424, Hong Kong, June 1997

511. M. Mokhtari, T. Juhola, B. Kerzar, G. Schuppener, U. Westergren,
H. Tenhunen, T. Swahn, T. Lewin, W. E. Stanchina, and R. Walden,
“Low Voltage, Broad- and Narrowband Microwave Differential
Amplifiers for 40Gb/s Demonstrator Applications in InP-HBT”, Proc.
of the IEEE International Symposium on Circuits and Systems
(ISCAS’97), Hong Kong, pp 149-152, June 9-12, 1997.

512. G. Schuppener, M. Mokhtari, T. Juhola, H. Tenhunen, N. Tan, and M.
Niburg, “Multi-Channel Fiber-Optical Receivers in BiCMOS
Technology, Adopting Channel Coding or Delay Locked Loop timing”,
Proc. of the IEEE International Symposium on Circuits and Systems
(ISCAS’97), Hong Kong, pp 1373-1376, June 9-12, 1997.

513. L. Hellberg, A. Hemani, J. Isoaho, A. Jantsch, M. Mokhtari, and H.
Tenhunen, “System Oriented VLSI Curriculum at KTH”, in Proceedings

of the IEEE International Conference on Microelectronic Systems
Educations, MSE97, 1997.

514. L. Hellberg, A. Hemani, J. Isoaho, A. Jantsch, M. Mokthari & H.
Tenhunen; Integration of Physical and Functional Electronic System
Representations in Electronics Curriculum, in Proc. of 15th IEEE
Norchip Conference, 10-11 November 1997, Tallin, Estonia, pp. 135-
141

1996 Top

515. M. Mokhtari, T. Juhola, B. Kerzar, G. Schuppener, U. Westergren,
H. Tenhunen, T. Swahn, and R. Walden, “1.7 V supply voltage, DC-
coupled, 15 GHz, wide-band amplifier with nearly constant group
delay in InP-HBT”, in Proc. 14th IEEE Norchip Conf., Helsinki, pp
46-51, Nov 4-5, 1996.
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516. T. Swahn, T. Lewin, M. Mokhtari, H. Tenhunen, R. Walden, and W. E.
Stanchina, “40 Gb/s, 3 Volt 1InP HBT ICs for a Fiber Optic
Demonstrator System”, in Proc. IEEE GaAs IC Symposium, Orlando, pp
125-128, Nov 3-6, 1996. (invited paper).

517. G. Schuppener, M. Mokhtari, T. Juhola, H. Tenhunen, and N. Tan,
“DC-stabilized multi-channel fiber-optical receiver using channel-
coding in BiCMOS technology”, Proc. IEEE 14th IEEE NORCHIP Conf.,
Helsinki, pp 14-19, Nov 4-5, 1996.

518. B.Oelmann & H. Tenhunen: System Level Performance Model for
Pipeline Circuits, 1in Proc. of 1Int. System Design Conference,
Rhodos, October 1996

519. B.Oelman & H. Tenhunen: Micro Pipeline DSP ASIC for DS-SS
receiver, in Proc. IEEE Int. ASIC Conference, PP . 227-230,
Rochester, Septemeber 1996

520. H. Olsson, D. Kerek, B. llemann & H. Tenhunen: Differential PSK
Detector ASIC Design for Direct Sequence Spread Spectrum Radio, in
Proc. Of 9th Annual IEEE Int. ASIC Conferene, Rochester, NY, USA,
September 1996

521. Mozammel H. Khan, Vesa Ekholm, Jouni Isoaho, Hannu Tenhunen
“Strategies for Implementation and Testing of Reusable Macro
Function Library”; IEEE NORCHIP’96, November 4th - 5th, 1996, pp.186
- 195

522. K. Tammeméde, M. O’Nils, A. Tornemo, Hannu Tenhunen, “WLSI System
Level Codesign Toolkit AKKA”. The 14th IEEE NORCHIP Conference,
November 4-5, 1996, Helsinki, Finland, pp. 196-202.

523. Henrik Olson, Daniel Kerek, Bengt Oelmann, and Hannu Tenhunen.
Architecture optimization of a direct sequence spread spectrum
baseband transceiver. In Proc. of the SNRV Conf. on Radio Science
and Communication, Luled, Sweden, June 1996.

524. Mozammel H. Khan, Ahmed Hemani, Hannu Tenhunen “Implementation
Independent Macro-library for Telecommunication in VHDL”; Baltic
Electronic Conference BEC’96, October 7th - 11th, 1996, pp. 291 -
294, Tallinn, Estonia

525. P. Zhu & H. Tenhunen: High Sample Rate Switched Current CMOS
Sigma-Delta Modulator, in Proc. of 5th Biennial Baltic Electronic
Conference, October 1996, Tallinn, Estonia

526. ] Henrik Olson, Daniel Kerek, Bengt Oelmann, and Hannu Tenhunen.
Differential PSK detector ASIC design for direct sequence spread
spectrum radio. In Proc. of the 1996 Ninth Annual IEEE Int. ASIC
Conference, Rochester, NY, USA, September 1996.

527. M. Koort, V. Kukk & H. Tenhunen: CMOS Analog Resonator Filter, in

Proc. of 5th Biennial Baltic Electronic Conference, October 199¢,
Tallinn, Estonia
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528. M. Mokthari, B. Kerzar, T. Juhola, T. Swahn, W.E. Stanchina & H.
Tenhunen, 40 Ghz Narrowband transimpedance-Transadmittance Amplifier
in InP-HBT Technology, in Proc. Of European Solid-State Circuits
Conference (ESSCIRC96), Neuchatel, Switzerland, Sept. 1996, pp. 96-
99

529. P. Ellervee, A. Hemani,A. Kumar, B. Svantesson, J. Oberg, H.
Tenhunen “Controller Synthesis in Control and Memory Centric High
Level Synthesis System” The 5th Biennal Baltic Electronic
Conference, October 7-11, 1996 Tallin, Estonia, pp.397-400

530. M. Mokhtari, B. Kerzar, H. Tenhunen, T. Juhola, T. Swahn, and W.
E. Stanchina, Y40 GHz ©Narrowband Transimpedance- Transadmittance
Amplifier in InP-HBT Technology”, in Proc. of IEEE European Solid
State Conference (ESSCIRC’96), Neuchatel, pp 96-99, Sep 17-19,
1996.

1995 Top

531. M. O0O’'Nils, K. Tammemde, A. Jantsch, A. Hemani, H. Tenhunen,
“Experiences using Akka: A Hardware-Software Codesign Tool Kit in
design of Telecommunicationsystems”, in Proc. of CAVE’95 Workshop,
Ireland, December 1995 (invited contribution).

532. M. Allaskog, T. Juhola, M. Mokhtari, and H. Tenhunen, “Test
Circuit Methodolgy for Characterization and Modelling of Robust
Silicon Bipolar Circuit Designs in the GHz Range”, Proc. 13th IEEE
NORCHIP Conf., Copenhagen, pp 252, Nov 7-8, 1995.

533. M. Mokhtari, T. Juhola, G. Schuppener, F. Sellberg, and H.
Tenhunen, “Influence of interconnect parasitics on high speed MSI
(V)LSI circuits at Gb/s data-rates”, Proc. 13th IEEE NORCHIP Conf.,
Copenhagen, pp 212-218, Nov 7-8, 1995.

534. T. Lazraqgq,J. Oberg, H. Tenhunen, “FPGA Basic ATM Traffic Shaper
for Event-Building Networks”, In Proc of the 8th Annual IEEE
International ASIC Conference and Exhibit (ASIC’95), pp 177-180,
Austin, Texas, Sept. 18-22, 1995.

535. T. Juhola & H. Tenhunen: Strategic Evaluation of ASIC Impact to
Electronic Products, in Proc. 8th Annual IEEE Int. ASIC Conference
and Exhibit, Austin, USA, September 1995, pp. 294-299

536. A. Hemani, B. Svantesson, P. Ellervee, A.Postula, J. Oberg, Axel
Jantsch, H. Tenhunen Y“High-Level Synthesis of Control and Memory
Intensive Communications System” 1in Proc. of Eighth Annual IEEE
International AISIC Conference and Exhibit, Austin, Texas, September
18-22, 1995, pp 185-191.

537. P. Ellervee, J. Oberg, and H. Tenhunen. Partitioning of a 1 GIPS
revolver processor architecture into a tiled GaAs VLSIT

implementation. In Proc. of the 13th NORCHIP Conference
(NORCHIP'95), page 248, Copenhagan, Denmark, November 1995.
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538. Mattias O’'Nils, Axel Jantsch, Ahmed Hemani, Hannu
Tenhunen, "Interactive Hardware-Software Partitioning and Memory
Allocation Based on Data Transfer Profiling”, in Proceeding of
International Conference on Recent Advances in Mechatronics, Page
447-452, August, 1995.

539. A. Hemani, B. Svantesson,P. Ellervee, A. Postula, J. Oberg,Axel
Jantsch, H. Tenhunen “Trade-offs in High-level Synthesis of
Telecommunication Systems” ,in Proceedings of the Workshop on
Synthesis And System Integration of Mixed Technologies (SASIMI’95),
Japan, pp 65-72, Aug. 25-26, 1995.

540. M. Rinne, T. Jarske, O. Vainio, H. Tenhunen & Y. Neuvo: Noise
Suppression System Integration Using an Analog Allpass Filterbank,
in Proc. of IEEE Int. Symposium on Circuits and Systems (ISCAS95)

1994 Top
541. Ahmed Hemani, Mehran Mokhtari, J. 1Isoaho, Hannu Tenhunen,A
Structure of Modern VLSI Curriculum , in Proc. of IEEE Int. ASIC

Conference, 1994, Rochester, USA.

542. Axel Jantsch, Peeter Ellervee, Johnny Oberg, Ahmed Hemani and
Hannu Tenhunen, “Hardware-Software Partitioning and Minimizing
Memory Interface Traffic, in Proc. of Euroepean Design Automation
(EURO-DAC -94) Conference, 1994. Grenoble, France, pp. 226-231

543. D. Kerek, H. Olson, F. Reichert & Hannu Tenhunen “Direct sequence
CDMA Technology and its Application to Future Portable Multimedia
Communication Systems”, in Proc. of IEEE Symposium on Spread
Spectrum Technology andApplication (ISSSTA-94), 1994, Oulu, Finland.
pp. 445-449.

544. D. Kerek, H. Tenhunen, F. Reichert & G. Macquire, “The Walkstation
Transceiver Design”, in Proc. of IEEE Vehicular Technolochy
Conference (VTC-94), 462-466, 1994.

545. T. Saluvere, D. Kerek & H. Tenhunen, “Direct Sequence Spread
Spectrum Digital Radio DSP Prototyping using Xilnx FPGAs”, in Proc.
of 4th Int. Workshop Filed Programmable Logic and Applications,
(FPL-94), 1994.

546. H. Olson, D. Kerek & H. Tenhunen, “Direct Sequence Spread Spectrum
Digital Radio Performance Analysis with Simulation and Prototyping”,
in Proc. of International Simulation Conference, SIMS-94. 1994 pp.
345-350.

547. D. Kerek & H. Tenhunen, “WLSI Design and Radio Integration for the
Walkstation, in 6th ERCIM Workshop, 1994, Stockholm.

548. T. Lazraqg, H. Tenhunen, J.-P. Dufey, M. Letheren, I. Mandjavidze,

Performance evaluation of an event builder based on an ATM switching
fabric with an internal link-level hardware flow control protocol,
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in Proc. of the IEEE Open Bus Systems, Conference, Munich (1993),
pp. 163-169.

549. T. Lazraq, F. Ostman, J. Oberg, H. Tenhunen, ATM Switching System
Performance Analysis wvia Modelling and Simulation, in Proc. of
International Simulation Conference, SIMS’ 94, Prp- 326-332,
Conference, Stockholm 1994.

550. J. Christiansen, J-P Dufey, M. Letheren, I. Mandjavidze, A.
Marchioro, C. Paillard, K. Agehed, A. Eide, S. Hultberg, T. Lazraq,
T. Lindblad, C.S. Lindsey, M. Minerskjold, H. Tenhunen, L
Gustafsson, A feature study of an ATM-based event-builder for future
experiments at LHC/CERN. In Proc. of Modern Electronic in Particle
Physics Conference, Prague, 1994.

551. G. Schuppener, B. Willén, M. Mokhtari, and H. Tenhunen. Multi-
Gbit/s 4:1 multiplexer using III-V-Semiconductor based
heterojunction bipolar transistors. In Proc. 12th IEEE NORCHIP
Conf., page 181, Gothenburg, November 1994.

552. Axel Jantsch, Peeter Ellervee, Johnny Oberg, Ahmed Hemani, and
Hannu Tenhunen. Hardware-software partitioning and minimizing memory
interface traffic. In Proceedings of EURO-DAC '94, Grenoble, France,
September 1994.

553. Tarja Juhola, Hannu Tenhunen, Ivan Ring Nielsen, “Adoption and
Utilisation of ASIC Technologies in European SMIs, in Proc. of 1994
IEEE Int. ASIC conference, Rochester, NY, USA, 1994.

554. G. Schuppener, B. Willen, M. Mokhtari and H. Tenhunen,
“Application of KTH-laboratory III-V-Semiconductor Based
Heterojunction Bipolar Transistors towards Multi-Gbit/s 4:1
Multiplexer”. 1In Proc. of “1l6th Nordic Semiconductor Meeting”,

Laugarvatn, Iceland, 12-15, 1994.

555. P. Ellervee, A Jantsch, J. Oberg. A. Hemani, H.
Tenhunen, “"Exploring ASIC Design Space at System Level with a Neural
Network Estimator”. In Proc. of IEEE ASIC Conference, Rochester,
USA, 1994, pp. 67-70.

556. A. Jantsch, J. Oberg, P. Ellervee, A. Hemani & H. Tenhunen: A
software oriented Approach to Hardware-Software Codeisgn, in
Proc.Int. Conference on Compiler Construction, CC-94, pp. 93-102,
Edinburg, Scotland

557. A. Hemani, B. Svantesson, P. Ellervee, A. Postula, J. Oberg, A.
Jantsch & H. Tenhunen: Trade-offs in High-Level Synthesis of
Telecommunication Systems, in Proc. Of Workshop on Synthesis and
System Integration of Mixed technologies (SASIMI’95), Japan, August
1995, pp. 25-26

558. Hannu Tenhunen, Ahmed Hemani, Mehran Mokhtari, Gunnar Wahlsten,

VLSI System Education at KTH ESDlab, in Proc of 12th NORCHIP
Conference 1994
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559. Bengt Oelmann, Hannu Tenhunen, Micropipelined Multiplier Design
Analysis, In Proc. of NORCHIP Conference 1994, pp 187

560. Tarja Juhola, Hannu Tenhunen, Ivan Ring Nielsen, Status of
Industrial ASIC Utilisation in European SMIs, invited paper in Proc.
Of 12th NORCHIP Conference, 1994, pp. 73-77.

561. Bengt Oelmann, Henk Martijn, Hannu Tenhunen: Basic Elements and
Structures for DSP-Oriented Micropipeline Design, in Proc. of 12th
NORCHIP 1994 Conference.

562. Axel Jantsch, Johnny Oberg, Peeter Ellervee, Ahmed Hemani, Hannu
Tenhunen,A software oriented approach to hardware-software co-
design.in Proc. of International Conf. on Compiler Construction,
CC-94, pp. 93 - 102, Edinburgh, Scotland.

563. J. Isoaho, A. Jantsch and H. Tenhunen, “DSP Development with Full-
Speed Pro-totyping Based on HW/SW codesign Techniques”, In Proc. of
4th International Workshop on Field Programmable Logic and
Applications, Prague, Czech Rebublic, pp 318 - 320. 1994.

564. J. 1Isoaho, J. Oberg, A. Hemani and H. Tenhunen, “High Level
Synthesis in DSP ASIC Optimization”, In Proc. of 7th IEEE ASIC
Conference and Exhibit, Rochester, New York, pp. 75 - 78. 1994.

565. A. Jantsch, J. Isoaho & H. Tenhunen “A Versatile Design Validation
Environment by Means of Software Execution, Hardware Simulation, and
Emulation”, In Proc. of 36th International Simulation Conference,
SIMS 1994, ©pp 322-325 Stockholm, Sweden,

1993 Top

566. A.Nummela, J. Nousiainen & J. Isoaho: VHDL-Based Synthesis and
Rapid prototyping in DSP-ASIC Applications, in Proc. of IFIP VHDL-
Forum for CAD in Europe, Santander, Spain, April 1993

567. Ahmed Hemani, Hannu Tenhunen, Mehran Mokhtari, Lars Hellberg,
Restructuring VLSI Education at Royal Inst. of Technology, in Proc.
Eurochip Workshop on VLSI Education and Training, 1993, Toledo,
Spain.

568. J. Isoaho & H. Tenhunen: Fast prototyping in System Design,
invited presentation in DAK Forum 93, Trondheim, Norway, 1993

1992 Top

569. A.Nummela, J. Nurmi & H. Tenhunen: Strategies for Implementation
Independent DSP System Development using HDL Based Design
Automation, in Proc. IEEE ASIC Seminar & Exhibit, Sept. 1992,
Rochester, pp. 214-218
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570. P. Anderson, J. Isoaho & H. Tenhunen: Fast Prototyping with FPGAs
and Logic Emulators, invited paper in Proc. of 3rd ESPRIT EUROCHIP
Workshop on VLSI Design Training, Sept. 1992, Grenoble

571. S. Ingalsuo, T. Ritoniemi, T. Karema & H. Tenhunen; A 50 MHz
Fouth-Order Cascaded Sigma-Delta A/D Modulator, in Proc. of IEEE
Custom Integrated Circuit Conference, Boston, USA, May 1992, pp.
16.3.1-4

572. J. Nurmi, T. Raita-aho & H. Tenhunen; Portable Module Generators
for Parametrized DSP Macroblock Design, in Proc. of IFIP Workshop on
Synthesis, Generation and Portability of Library Blocks for ASIC
Design, Grenoble, France, March 1992. Pp. 125-131

573. V. Eerola, H. Lampinen, T. Ritoniemi & H. Tenhunen: Direct
Conversion Using Low-Pass Sigma-Delta Modulation, in Proc. of IEEE
Int. Symposium on Circuits and Systems (ISCAS92), San Diego, USA,
May 1992.

574. T. Ritoniemi, T. Karema & H. Tenhunen; A Sigma-Delta Modulation
Based Adaptive Analog Filter, in Proc. of IEEE Int. Symposium on
Circuits and Systems (ISCAS92), San Diego, USA, May 1992.

575. T. Karema, T. Husu & H. Tenhunen; A Filter Processor for
Interpolation and Decimation, in Proc. of IEEE Custom Integrated
Circuit Conference, Boston, USA, May 1992, pp. 19.2.1-4

576. T. Ritoniemi, T. Karema & H. Tenhunen; High Speed 1-bit Sigma-
Delta Modulators, invited paper to Advances in Analog Circuit Design
Workshop, Leuven, Belgium, April 1992.

577. V. Paulasaari, J. Suutari, H. Tenhunen & P. Solanti; ASIC

Integration of Bus Protocol for Distributed Industrial
Electromechanical System, in Proc. of EURO-ASIC92, Paris, France,
June 1992.

578. P. Solanti, V. Paulasaari, J. Suutari & H. Tenhunen; Specifying
ASICs for Complex Mechatronic Systems, 1in Proc. of EURO-ASIC92,
Paris, France, June 1992

579. A.Nummela, J. Nousiainen, J. Isoaho & H. Tenhunen; VHDL-based
Synthesis and Rapid Prototyping in DSP-ASIC Applications, accepted
to IFIP VHDL-Forum for CAD in Europe, Santander, Spain, April 1992.

580. A.Nummela, J. Nurmi, J. Isoaho, & H. Tenhunen; Strategies for
Implementation Independent DSP System Development using HDL Based
Design Automation, in Proc. of IEEE Int. ASIC Seminar and Exhibit,
Rochester, USA, September 1992. pp. 214-218

581. H. Tenhunen, J. Isoaho & P. Anderson; Fast Protoyping with FPGAs
and Logic Emulators, invited paper in 3rd EUROCHIP Seminar in VLSIT
Design and Training, Grenoble, France, October 1992.

582. E. Pajarre, T. Ritoniemi & H. Tenhunen; PAR-APLAC: Parallel

Circuit Analysis and Optimization, in Proc. of European Design
Automation Conference, EURO-DAC92, Hamburg, Germany, September 1992.
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583. J. Nurmi, H. Tenhunen, O. Vainio & M. Gabbouj; Architecures and
Design Methodologies for Digital Filtering VLSI, invited tutorial in
Int. Conference on Microelectronics, Tunis, December 1992.

584. H. Tenhunen, J. Isoaho, A. Nummela & P. Anderson; Technologies and
Utilization of FPGAs, invited tutorial in 1992 1Int. Workshop on
Feild Programmable Logic and Applications, Wien, Austria, September
1992.

585. J. Isoaho, J. Pasanen, A. Nummela & H. Tenhunen; DSP-ASIC
Evaluation with Fast Prototyping, in Proc. of 1Int. EURO-ASICO92
Conference, Paris, June 1992.

1991 Top

586. H. Tenhunen, Recent Advances 1n Oversampled Data Conversion,
invited tutorial paper in NORSIG Symposium, Bergen, Norway, November
1991.

587. V. Eerola, T. Ritoniemi & H. Tenhunen; Second-Order Sampling and
Oversampled A/D- and D/A-Converters in Digital Data Transmission; in
Proc. of IEEE Int. Symposium in Circuits & Systems (ISCAS),
Singapore, June 1991.

588. T. Ritoniemi, T. Karema & H. Tenhunen; Modelling and Performance
Estimation of Sigma-Delta Modulators, in Proc. of IEEE Int. Symp. on
Circuits & Systems (ISCAS), Singapore, June 1991

589. T. Karema, T. Ritoniemi & H. Tenhunen; Intermodulation in Sigma-
Delta D/A Converters, in Proc. of IEEE Int. Symposium on Circuits &
Systems (ISCAS), Singapore, June 1991

590. T. Ritoniemi, T. Karema & H. Tenhunen; 5V Fifth order Sigma-Delta
Modulator for Audio A/D-Converter, in Proc. of 1991 IEEE Symposium
on VLSI Circuits, Japan, May 1991.

591. T. Saramaki, T. Karema, T. Ritoniemi & H. Tenhunen; VLSI-
Realizable Multiplier-Free Interpolators for High-Order Sigma-Delta
D/A Converters, in Proc. of Mediterranean Electrotechnical
Conference (MELECON’91), Ljublana, Yugoslavia, May 1991.

592. T. Karema, T. Ritoniemi & H. Tenhunen; A 20-Bit Resolution Sigma-
Delta D/A Converter Prototype for Audio Applications, in Proc. of
1991 IEE Int. Conference on A/D and D/A Conversion, Wales, UK,
September 1991.

593. J. Suutari, H. Tenhunen & J. Nikula: Design of a Robust
Analog/Digital ASIC Interface for Hard Industrial Environment, in
Proc. of International EURO-ASIC91 Conference, Paris, May 1991.

594. P. Solanti, T. Karema & H. Tenhunen: DSP-ASIC Based Voltage

Feedback Switching Regulator Chip for Electomechanical Contactors,
in Proc. of EURO-ASIC91 Conference, Paris, May 1991.
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595. E. Pajarre, T. Ritoniemi & H. Tenhunen: G2L: System for Converting
Low-level Geometrical Designs to a Higher Level Presentation, in
Proc. of IEEE EURO-ASICS91 Conference, Paris, May 1991, pp. 366-369.

596. S. 1Ingalsuo, T. Ritoniemi & H. Tenhunen: New Differential
Amplifier for High Speed Switched Capacitor Circuits, in Proc. of
European Conference on Circuit Theory and Design (ECCTD-91),

Copenhagen, Denmark, September 1991.

597. M. Lindell, T. Korpiharju, H. Tenhunen & K. Kaski: VLSI/ASIC
Education and Resources at Tampere Univeristy of Technology; in
Proc. of 2nd ESPRIT EUROCHIP Workshop on VLSI Design Training,
Grenoble, France, September 1991

598. H. Tenhunen: SMI Industry Needs for VLSI Education in
Universities, invited panel presentation in 2nd ESPRIT EUROCHIP
Workshop on VLSI Design Training, Grenoble, France, September 1991.

599. J. Isoaho, H. Tenhunen, J. Heikkild & L. Lipasti; High Resolution
DAC Design Based on Programmable Gate Arrays, in Proc. of
International Workshop on Field Programmable Logic and Applications,
Cambridge, UK, September 1991, 10 p.

600. J. Isoaho, J. Pasanen & H. Tenhunen; Fast Prototyping in DSP-ASIC
Research and Development, in Proc. 6th NORSILC/NORCHIP Seminar,
Copenhagen, October 1991.

601. T. Ritoniemi, T. Karema & H. Tenhunen; 5V Noise Shaping 5th Order
Modulator with over 100 dB Dynamic Range, in Proc. of 6th
NORSILC/NORCHIP Seminar, Copenhagen, October 1991.

602. E. Pajarre, T. Ritoniemi & H. Tenhunen; Methods and Algorithms for
Converting IC Designs between Incompatible Design Systems, in Proc.
of IEEE Int. Conference on Computer Design: VLSI in Computers,
Boston, October 1991, pp. 34-37.

1990 Top

603. T. Karema, T. Ritoniemi & H. Tenhunen: An Oversampled Sigma-Delta
A/D Converter Circuit Using Two-Stage Fourth Order Modulator, in
Proc.of IEEE Int. Symposium on Circuits and Systems (ISCAS90), New
Orleans, Louisiana, USA, May 1990, pp. 3279-3282.

604. T. Ritoniemi, T. Karema & H. Tenhunen: Design of Stable High Order
1-Bit Sigma-Delta Modulator, in Proc of IEEE Int. Symposium on
Circuits and Systems (ISCAS90), New Orleans, USA, May 1990, pp.
3267-3270.

605. T. Saramaki, T. Karema, T. Ritoniemi & H. Tenhunen: Multiplier-
Free Decimator Algorithms for Superresolution Oversampled
Converters, in Proc. of IEEE Int. Symposium on Circuits and Systems
(ISCAS90), New Orleans, USA, May 1990, pp. 3275-3278.

606. O. Vainio, J. Nurmi & H. Tenhunen: Architecture and Circuit Design
for DSP-ASIC. in Proc. of EURO ASIC 1990 Conference, Paris, France,
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May 1990, pp. 56-61.

607. JdJ. Nurmi, O. Vainio & H. Tenhunen: TUTCORE - A Parametrized Signal
Processing Module, in Proc. of 1990 Bilkent Int. Conference on New
Trend in Communication, Control and Signal Processing (BILCON90),
Ankara, Turkey, July 1990, pp. 1142-1149

608. M. Vehvildinen, H. Tenhunen, Y. Neuvo & T. Lensu: Detection of
Rectangular Pulses Using Median Based Prefiltering, in Proc. of IEEE
Int. Conf. on Systems Engineering, Pitssburgh, USA, August 1990, pp.

609. J. Pasanen, O. Vainio, H. Tenhunen, P. Jahkonen & S.J. Ovaska; An
ASIC Digital Motion Control Unit, in Proc. IEEE ASIC Seminar &
Exhibit, Rochester, NY, USA, September 1990, pp. P-7.2.1 - P-7.2.4

610. H. Tenhunen & T. Korpiharju; ASIC Education in Tampere University
of Technology, in Proc. IEEE ASIC Seminar & Exhibit, Rochester, NY,
USA, Septemnber 1990, pp. P10-2.1 - P10-2.4

611. T. Ritoniemi, V. Eerola, T. Karema & H. Tenhunen; Oversampled A/D
and D/A Converters for VLSI Systems Integration (Tutorial) in Proc.
IEEE ASIC Seminar & Exhibit, Rochester, NY, USA, September 1990, pp.
P8-7.1-P8-7.12

612. T. Husu, T. Karema & H. Tenhunen; Design of Forth-Language
Directed 16-Bit Microprocessor TUTFORTH, presented in
NORSILC/NORCHIP Seminar, Lund, Sweden, November 1990

613. J. Nurmi, T. Karema, O. Vainio & H. Tenhunen; Generator
Development Techniques Supporting Efficient DSP System Design, in
Proc. of NORSILC/NORCHIP Seminar, Lund, Sweden, November 1990, pp.
11.0-7.

614. H. Tenhunen; Mixed Mode Analog/Digital ASICs Trends, invited panel
presentation in IEEE ASIC Seminar & Exhibit, Rochester, NY, USA,
September 1990.

615. H. Jaakkola, H. Tenhunen & A. Latvala; Adoption of New
Technologies -The Role of Information Technology in Industry,
presented in EC conference 20th European Small Business Seminar:
Growing Small Firms-The Role of Technology, Dublin, Ireland,
September 1990

616. P. Solanti, T. Karema & H. Tenhunen; Adaptive Coil Power Regulator
for Electromechanical Contactor, presented in NORCHIP/NORSILC
Seminar, Lund, October 1990.

617. T. Korpiharju, H. Tenhunen, A. Latvala & K. Kaski; VLSI System

Design in Education, in Proc. of NORCHIP/NORSILC Seminar, Lund,
October 1990, pp. 25.0-3.

1989 Top

618. J. Tomberg, T. Ritoniemi, K. Kaski & H. Tenhunen: Fully Digital
Neural Network Implementation Based on Pulse Density Modulation, in

https://people.kth.se/~hannu/Publications.htm 74/93

79



4/27/22, 10:52 PM https://people.kth.se/~hannu/Publications.htm

Proc. of IEEE Custom Integrated Circuits Conference, San Diego, CA,
USA, May 1989, pp. 12.7.1-12.7.4

619. T. Saraméki, T. Karema, T. Ritoniemi, J. Isoaho & H. Tenhunen:
VLSI-Realizable Multiplier-Free Inter—-polators for Sigma-Delta D/A
Converters; (invited ©paper) in Proc. of IEEE International
Conference on Circuits and Systems, China, July 1989, pp. 60-63.

620. T-P. Lassila, M. Majaniemi, J. Nurmi & H. Tenhunen: 16-Bit RISC
Processor TUTFORTH; in Proc. of IEEE International Conference on
Circuits and Systems, China, July 1989, pp. 33-36

621. T. Karema, T. Ritoniemi & H. Tenhunen: Analysis of Bit Errors in
Sigma-Delta Modulators; in Proc. of IEEE International Conference on
Circuits and Systems, China, July 1989, pp. 644-647

622. H. Tenhunen, T. Karema & T. Ritoniemi: Recent Advances 1in
Oversampled Data Converters; (invited tutorial presentation) in
Proc. of the 8th International Symposium on Information Technology,
Kobe, Japan, July 1989, pp.

623. H. Tenhunen, O. Vainio & Y. Neuvo: VLSI Design Methodologies for
Digital Signal Processing, in Proc. of 8th Biennial
University/Government/Industry Microelectronics Symposium (UGIMS),
Boston, MA, USA, June 1989, pp. 246-251

624. H. Tenhunen & M. Ranta: National Microelectronics Program of
Finland; in Proc. of 8th Biennial Univer-sity/Government/Industry
Microelectronics Symposium (UGIMS), Boston, MA, USA, June 1989, pp.
6-10

625. K. Saarinen, H. Tenhunen, Y. ©Neuvo & T. Yli-Pietila: An
Interpolation Based VLSI Realizable Beamsteering Method; in Proc. of
IEEE International Conference on Circuits and Systems, China, July
1989, pp. 68-72

626. J. Niittylahti & H. Tenhunen: A Compact 1.5 kbit SRAM Using Four-
Transistor Memory Cell, in Proc. of 6th International Symposium on
Networks, Systems and Signal Processing (ISYNT’89), Yugoslavia, June
1989, pp. 198-201

627. T. Karema, T. Ritoniemi & H. Tenhunen: Fourth Order Sigma-Delta
Modulator Circuit for Digital Audio and ISDN Applications; in Proc.
of IEEE European Con-ference on Circuit Theory and Design (ECCTD89),
UK, Septem-ber 1989, pp. 223-227

628. J. Nurmi, P. Kotilainen & H. Tenhunen: A Bit-Serial Transversal
Filter Processor - TUTSP; in Proc. of 6th Internationa Symposium on
Network, Systems and Signal Processing (ISYNT’89), Yugoslavia, June
1989, pp. 63-66

629. T. Karema, T. Ritoniemi & H. Tenhunen: Analysis of Bit and
Quantization Errors in 2nd and 4th Order Sigma-Delta Modulators, in
Proc. of 6th Internation—al Symposium on Networks, Systems and
Signal Process—ing (ISYNT’89), Yugoslavia, June 1989, pp. 312-315
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630. T. Karema, T. Ritoniemi & H. Tenhunen: Area Efficient Sigma-Delta
A/D-Converter for Telecommunication Applications; in Proc. of 6th
International Sym-posium on Networks, Systems and Signal Processing
(ISYNT’89), Yugoslavia, June 1989, pp. 154-157

631. J. Torsti, A. Aurela, V. Kelha, G. Leppelmeier, K. Leppalad, I.
Liede, M. Lumme, J.L. Osborne, R. Pellinen, H. Saarikko, H.
Tenhunen, S. Urpo, E. Valtonen, A.W. Wolfendale & J. Aystd: ERNE -
Ener—getic and Relativistic Nuclei and Electron Experi-ment, in The
SOHO Mission, ESA SP-1104, November 1988, pp. 81-84

632. M. Williams, J. Nurmi, H. Tenhunen: ASIC Design of Digital ECG,
in Proc. of IEEE ASIC Seminar and Exhibit, Rochester, NY, USA,
September 1989, pp. P7-3.1 - P7-3.4

633. T. Karema, T. Ritoniemi, T. Saramdki & H. Tenhunen: An Oversampled
Analog-to-Digital Conversion Techni-que, in Proc. of 1989 URSI
International Symposium on Signals, Systems and Electronics, West-
Germany, Erlangen, September 1989, pp. 820-823

634. H. Tenhunen: ASIC for Digital Signal Processing; invited 2 hour
tutorial presentation in IEEE ASIC Seminar and Exhibit, Rochester,
NY, USA, September 1989.

635. J. Nurmi, O. Vainio & H. Tenhunen: VLSI Signal Processing
Implementations: Dedicated Filters vs. Core Processors, in Proc. of
Int. Workshop on Brain, Signals and Computers, Tihany, Hungary,
October 1989

636. H. Tenhunen, T. Ritoniemi & T. Karema: High Resolution A/D and D/A
Techniques for VLSI Systems, invited presentation in NORSILC/NORCHIP
Seminar, Stockholm, Sweden, October 1989

637. J. Tomberg, T. Ritoniemi, H. Tenhunen & K. Kaski: VLSI
Implementation of Pulse Density Modulated Neural Network Structure,
in Proc. of 1989 International Symposium on Circuits and Systems
(ISCAS 89), USA, May 1989, pp. 2104-2107

638. M. Lindell & H. Tenhunen: CMOS Multichannel Sensor Interface
Circuit Using Oversampled Sigma-Delta A-to-D Conversion, in Proc. of
IEEE 3rd Annual European Computer Conference: VLSI and Computer
Peripherals (Com-pEuro89), May 1989, pp. 3-126 - 3-128.

639. P. Jarvilehto, K-P. Estola, A. Ruha, T. Karema & H. Tenhunen:
Integrated Sensor Interface Circuit for ECG Measurements, in Proc.
of IEEE 3rd Annual European Computer Conference: VLSI and Computer
Peripherals (Com—-pEuro89), May 1989, pp. 3-164 - 3-166.

1988 Top

640. T. Saramdki & H. Tenhunen: Efficient VLSI-Realizable Decimators
for Sigma-Delta Analog-to-Digital Con-wventers, in Proc. of IEEE
Internation—al Symposium on Circuits and Systems (ISCAS), 1988, pp.
1525 -1528
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641. T. Ritoniemi, T. Karema, H. Tenhunen & M. Lindell: Fully
Differential CMOS Sigma-Delta Modulator for High Performance Analog-
to-Digital Conversion with 5V Operating Voltage, 1in Proc. of IEEE
International Symposium on Circuits and Systems (ISCAS), 1988, pp.
2321 - 2326

642. E. Kuisma, T. Kolehmainen, M. Renfors, J. Tomberg & H. Tenhunen:
Signal Processing Requirements 1in Pan-European Digital Mobile
communications, invited tutorial paper in Proc. of IEEE
International Symposium on Circuits and Systems (ISCAS), 1988, pp.
1803 - 1810

643. 0. Vainio, H. Tenhunen, T. Jarske, J. Tomberg & Y. Neuvo: Analog
and Digital IC Implementation of the Linear Median Hybrid Filters,
in Proc. of European Signal Processing Conference (EUSIPCO) 1988,
pp. 1541 - 1544

644. T. Karema, T. Ritoniemi & H. Tenhunen: Statistical Properties of
Advanced Sigma-Delta  Modulator with Enhanced Noise Shaping
Characteristics, in Proc. of IEEE/EUREL 8th European Conference on
Electrotechnics (EUROCON) 1988, pp. 52 - 55

645. O. Vainio, H. Tenhunen, T. Korpiharju & J. Tomberg: High
Performance Video Frequency Bit-Parallel CMOS FIR Median Hybrid
Filter, in Digest of Technical Papers of IEEE International 1988
Symposium on VLSI Circuits, 1988, pp. 105 - 106

646. H. Rantalainen, K. Ahola, J. Suutari & H. Tenhunen: Intelligent
Positron-Electron-Proton Spectrometer Interface VLSI Electronics for
a Satellite 1Instrument, in Proc. of IEEE 3rd Annual European
Computer Conference: VLSI and Computer Peripherals (Com-pEuro89),
May 1989, pp. 3-133 - 3-135.

647. O. Vainio, H. Tenhunen, T. Korpiharju, J. Tomberg & Y. Neuvo: An
Edge Preserving Filter with Variable Window Size for Real Time
Processing, in Proc. of 1988 SPIE Visual Communications and Image
Processing III Conference, Boston, MA, USA, August 1988, pp. 442 -
449

648. T. Ritoniemi, T. Karema & H. Tenhunen: Fast Converg-ing Analog
Adaptive Filter for General Purpose Noise Canceller, in Proc. of
IEEE International 1988 Sym-posium on VLSI Circuits (Japan) 1988,
pp. 97-98.

649. K. Kankaala, P. O0Ojala, J. Poutala, K. Kaski & H. Tenhunen:
Integration of CAD Tools for Semiconductor Process and Design
Development, in Proc. of Interna—-tional 1988 Minisymposium on
Numerical Methods in Semiconductors and Magnets, June 1988, Finland.

650. T. Saramaki, H. Palomaki & H. Tenhunen: Multiplier-Free Decimators
with Efficient VLSI Implementation for Sigma-Delta A/D Converters,
presented in IEEE Workshop on VLSI Signal Processing, USA 1988

651. H. Tenhunen: Finnish National Microelectronics Program and FINCHIP
services, presentation in Nordic NORCHIP/NORSILC Meeting,
Copenhagen, Denmark, October 1988
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652. H. Tenhunen & O. Vainio: VLSI Signal Processing, invited
presentation in Nordic NORSILC/NORCHIP Meeting, Copenhagen, Denmark,
October 1988

653. H. Tenhunen: ASIC Approach Towards Digital Signal Processing,
presentation in 7th Int. Kobe Symposium on Information Technology,
Japan, November 1988

1986 Top

654. H. Tenhunen & J. P. Krusius: Modelling of Anodic Silicon Growth
for Dielectric VLSI Structures, reviewed presentation in Spring
Meeting of the Electrochemical Society Boston, MA, USA, Extended
Abstracts Volume 86-1, No. 264, May 1986

1984 Top

655. H. Tenhunen & J. P. Krusius: Modelling and Characterization of the
Dielectric 1Isolation Process Based on Oxidized Porous Silicon,
reviewed presentation in 2nd International Symposium on Very Large

Scale Integration Science and Technology, Cincinnati, Ohio, USA, May
1984

656. H. Tenhunen & J. P. Krusius: Modelling and Characterization of the
Dielectric Isolation Process Based on Oxidized Porous Silicon, in
VLSI Science and Technology/1984, K. E. Bean & G. A. Rozgonyi, Eds.,
Electro-chemical Society 84-7 (1984), pp. 340 - 344

Review articles, book chapters: Top
1. Amir-Mohammad Rahmani, Pasi Liljeberg, Juha Plosila, Hannu Tenhunen
(Eds.), Special Section on Advances in Methods for Adaptive
Multicore Systems. Journal of Supercomputing 68 (3), 2014.

2 .Masoumeh Ebrahimi, Masoud Daneshtalab, Pasi Liljeberg, Juha Plosila,
Hannu Tenhunen, Path-Based Multicast Routing Algorithms for 2D and
3D Mesh Networks. In: Masoud Daneshtalab, Maurizio Palesi (Eds.),
Routing Algorithms in Networks-on-Chip, 161-189, Springer, 2014.

3. Liang Guang, Juha Plosila, Hannu Tenhunen, Self-Adaptive SoCs for
Dependability: Review and Prospects. In: Seppo Virtanen (Ed.),
Advancing Embedded Systems and Real-Time Communications with
Emerging Technologies, Advances 1in Systems Analysis, Software
Engineering, and High Performance Computing, 1-21, IGI Global, 2014.

4. Masoumeh Ebrahimi, Masoud Daneshtalab, Pasi Liljeberg, Juha Plosila,
Hannu Tenhunen, Path-Based Multicast Routing Algorithms for 2D and
3D Mesh Networks. In: Masoud Daneshtalab, Maurizio Palesi (Eds.),
Routing Algorithms in Networks-on-Chip, 161-189, Springer, 2014.

5. Wagar Ahmad, and Hannu Tenhunen: Switching Noise in 3D Power

Distribution Networks: An Overview. A Book Chapter in VLSI Design,
ISBN 978-953-307-884-7, Intech, 2012.
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6.

7.

10.

11.

12.

Liang Guang, Juha Plosila, Jouni Isoaho, Hannu Tenhunen, HAMSoC: A
Monitoring-Centric Design Approach for Adaptive Parallel Computing.
In: Phan Cong-vinh (Ed.), Autonomic Networking-On-Chip: Bio-Inspired
Specification, Development, and Verification, 135 - 164, Taylor &
Francis/CRC Press, pp.136-164, 2012.

K. Latif, A.M. Rahmani, T. Seceleanu, H. Tenhunen, “An Autonomic NoC
Architecture Using Heuristic Technique for Virtual-Channel
Sharing”, in book Autonomic Network-on-Chip: Bioinspired
Specification, Development, and Verification, Editor Phan-Cong-Vinh,
CRC Press 2012, pp.47-68

Liang Guang, Juha Plosila, Jouni Isoaho and Hannu Tenhunen.
Autonomic Networking-on-Chip: Bio-inspired Specification,
Development and Verification. In Cong-Vinh, Phan, editors. , chapter
HAMSoC: A Monitoring-Centric D. Taylor & Francis/CRC Press, Aug
2010.

Axel Jantsch and Hannu Tenhunen, Khalid Latif, Amir-Mohammad
Rahmani, Tiberiu Seceleanu and Hannu Tenhunen. Autonomic Networking-
on-Chip: Bio-inspired Specification, Development, and Verification.
In Cong-Vinh, Phan, editors. , chapter An Autonomic NoC
Architecture. Taylor & Francis/CRC Press, Aug 2010.

Moazzam Fareed Niazi, Tiberiu Seceleanu and Hannu Tenhunen. A
Performance Estimation Technique for the SegBus Distributed
Architecture. Technical Report 980, TUCS, Jul 2010.

M. Baghaei-Nejad, Z. Zou, D. S. Mendoza, H. Tenhunen and L.-R.
Zheng, “Remotely UHF-Powered Ultra Wideband RFID for Ubiquitous
Wireless Identification and Sensing”, in book “Development and
Implementation of RFID Technology”, Book edited by: Cristina TURCU,
ISBN 978-3-902613-54-7, pp. 554, February 2009, I-Tech, Vienna, 2009

Roshan Weerasekera, Li-Rong Zheng, Dinesh Pamunuwa and Hannu
Tenhunen, "Switching sensitive interconnect Driver to Combat Dynamic
Delay 1in on-Chip Buses" 1in The Lecture Notes in Computer Science
3728 Edited by Vassilis Paliouras, Johan Vounckx, Diederik Verkest,
Springer 2005, and ISBN 3-540-29013-3.

Popular science articles/presentations Top

1.

H. Tenhunen and T. Salakoski; New Global Strategies for Higher
Education in Electronics and Information Technologies, invited
keynote talk in 19th EAEEIE (European Association for Education in
Electrical and information technology) Annual Conference, July 2008

.H. Tenhunen, innovation Platform: Local governance for Knowledge and

Innovation Community Node, 1invited keynote talk in Complex EIT
Workshop, June 2008

H. Tenhunen, Nanoelecronics Roadmap Influencies to Education,
invited keynote talk in 7th European Workshop on Microelectronics
Education (EWME 2008), May 2008
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4.

10.

11.

12.

H. Tenhunen, Autonomous NoC, short invited keynote talk in MPSOCO06,
Denver, USA, 2006.

. H. Tenhunen & A. Jatsch, Design Issues for Nanoscale CMOS.invited

keynote talk at EuroMicro Conference, Portugal, 2005

.H. Tenhunen, Electrical Design for NoC, invited opening keynote talk

in Honk Kong Science Park Workshop on SOC Design, Honk Kong, 2005

. H. Tenhunen, Electrical Scaling to Nanoscale, invited keynote talk

in Int. MIXDES Conference, Krakow, Poland, 2005

H. Tenhunen, Communication Platforms for Nanoscale CMOS, invited
presentation on MPSOCO05 workshop in France, 2005.

. H. Tenhunen; Educational challenges and strategies in electronics,

invited keynote talk in Baltc Electronic Conference, October 2004,
Talinn, Estonia

H. Tenhunen, System-on-Chip Curriculum Challenges, invited keynote
presentation in 5th European Workshop on Microelectronics Education,
Lausanne, Switzerland. April 2004.

H. Tenhunen, S. Virtanen, J. Isoaho, T. Salakoski; Information
Security Education in Knowledge Triangle , invited presentation in
EU Security Research Conference, Stockholm, October 2009.

Erwin Ofner, Jari Nurmi, Jan Madsen, Jouni Isoaho, and Hannu
Tenhunen, SoC-Mobinet, R&D and Education in System-on-Chip Design,
invited key note presentation at International Symposium at System-
on-Chip, Tampere, Finland, November 2004

Unreviewed Papers/Posters and Local Presentations Top

. H. Tenhunen & J. P. Krusius: Modelling of Anodic Silicon Growth for

Dielectric VLSI Structures, Proceedings of the XX Annual Conference
of the Finnish Physical Society, (1986) 7:11

H. Tenhunen: A Critical Survey of Isolation Techniques for VLSI
Structures, Research Report No. 1/86, Tampere University of
Technology, Electronics Laboratory, 1986, 54 p.

. T. C. Mele & H. Tenhunen: Cornell University Static RAM: CUSRAM,

Internal Memorandum, Cornell University, USA, 1984

H. Tenhunen: Limits of Microelectronics (in Finnish), invited
presentation in HITECH - seminar, Tampere, Finland, February 1986
. H. Tenhunen: VLSI Design on Silicon (in Finnish), presentation in

seminar organized by Technical Research Center of Finland, Tampere,
February 1986

. H. Tenhunen: VLSI Metrology: Probeless Testing for VLSI, invited

presentation 1in Physica Colloquium, Physics Department, Tampere
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University of Technology, March 1986

7.C. Vargas, K. Kaski & H. Tenhunen: VLSI Layout Design with CAESAR on
SUN Workstation, Research Report No 3/86, Tampere University of
Technology, Electronics Laboratory, 1986, 44 p.

8. T. Korpiharju, H. Tenhunen, J. Tomberg & K. Kaski: Design of Fast
Pipelined Arithmetic for Digital Median Hybrid Filter, Research
Report 4/86, Tampere University of Technology, Electronics
Laboratory, 1986, 38 p.

9. J. Tomberg, H. Tenhunen, T. Korpiharju & K. Kaski: Architecture of
High Performance Pipelined Median Hybrid Filter, Research Report No
5/86, Tampere University of Technology, Electronics Laboratory,
1986, 37 p.

10. H. Tenhunen: Basic Analog MOS Building Blocks, invited lecture in
Design of Analog/Digital ASIC’s, November 1986 and March 1987, INSKO
270-86, IV, 27 p.

11. H. Tenhunen: Microelectronic Revolution (in Finnish), invited
presentation in Technical Education Seminar, October 1986.

12. H. Tenhunen: Switched Capacitor Circuit Development using Personal
Computer, invited presentation in Electronics 87, March 1987

13. H. Tenhunen: Switched Capacitor Filter Design, DSP Specialist
Workshop, May 1987, INSKO 114-87, VIII, 22 p.

14. M. Lindell & H. Tenhunen: ASIC Circuits for Intelligent Sensors,
Sensor Technology, April 1987, INSKO 94-87, III, 12 p.

15. P. Kotilainen & H. Tenhunen: Digital Multipliers: Architecture,
Algorithms and Design, Research Report 2/87, Tampere University of
Technology, Electronics Laboratory, 1987, 75 p.

16. T. Korpiharju, H. Tenhunen & K. Kaski: Interactive Design of
Analog Circuits, reviewed presentation in IEEE/URSI XIII National
Convention on Radio Science, 1987, P15

17. P. Kotilainen & H. Tenhunen: Digital Multipliers for VLSI Signal
Processing Applications, reviewed presentation in IEEE/URSI XIII
National Convention on Radio Science, 1987, P12

18. P. Ojala, H. Tenhunen & K. Kankaala: Circuit Parameter Extraction
for Accurate VLSI Design, reviewed presentation in IEEE/URSI XIII
National Convention on Radio Science, 1987, B3.3

109. H. Rantalainen, K. Ahola & H. Tenhunen: Advanced Interface
Electronics for Silicon Particle Detectors, reviewed presentation in
IEEE/URSI National Convention on Radio Science, 1987, B3.2

20. J. Tomberg, H. Tenhunen & T. Korpiharju: Design of High

Performance CMOS FIR Median Hybrid Filter, reviewed presentation in
IEEE/URSI National Convention on Radio Science, 1987, P13
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21. T. Ritoniemi, H. Tenhunen, M. Lindell, C. Vargas & T. Saramaki:
Oversampled Sigma-Delta Modulation for Efficient Analog to Digital
Conversion in VLSI Systems, reviewed presentation in IEEE/URSI
National Convention on Radio Science, 1987, B2.3

22. J. Nurmi & H. Tenhunen: Architecture and Design of VLSI Signal
Processors, Research Report, Tampere University of Technology, 1988,
80 p.

23. T-P. Lassila, M. Majaniemi & H. Tenhunen: TUTFORTH-Stack
Architecture, Based 16 Bit RISC Processor, URSI/IEEE XIV National
Convention on Radio Science, 1988

24. J. Torsti, A. Aurela, M. Nieminen, J. Peltonen, E. Valtonen, V.
Kelhi, I. Liede, R. Pellinen, H. Tenhunen, R. Julin, J. Aysts, S.
Urpo, H. Saarikko, F. Ashton, J. L. Osborne, M. G. Thompson & A. W.
Wolfendale: ERNE - A Finnish - British - Proposal for SOHO -
mission. Proc. of XXII Annual Conference of the Finnish Physical
Society 1988

25. J. Poutala, K. Kankaala, P. 0Ojala, H. Tenhunen & K. Kaski:
Hierarchial Semiconductor Process and Device Simulation with
Optimized Circuit Parameter Extracting, Proc. of XXII Annual

Conference of the Finnish Physical Society 1988

26. H. Tenhunen: Trends in Analog Circuit Design, presentation in
Micropower Electronics Continuing Education course, April 1988,
INSKO

27. P. Ojala, K. Kankaala, H. Tenhunen & K. Kaski: Advanced Techniques
for Circuit Parameter Extraction, Research Report 5/88, Tampere
University of Technology, Electronics Laboratory, 1988, 76 p.

28. H. Palomaki, T. Saramdki & H. Tenhunen: Multistage Digital
Decimators for VLSI Signal Processing, 1in IEEE/URSI XIV National

Convention on Radio Science, 1988, p. Il1l/4

29. H. Tenhunen: Silicon Compilation, Blanko-88 (workshop for embedded

system design), invited presentation, 1988

30. P. Ojala, K. Kankaala, T. Korpiharju, H. Tenhunen & K. Kaski:
Advanced Circuit Level SPICE Models for a Molybdenium Gate CMOS
Process, Industrial Physics Symposium 28. - 29. September 1988,

Finland, pp. 148 - 154

31. 0. Vainio, H. Tenhunen, T. Jarske, T. Korpiharju & Y. Neuvo:
Comparison of IC Technologies for a Class of Signal Processing
Circuits, Industrial Physics Symposium, 28. - 29. September 1988,

Finland, pp. 161 -166

32. T-P. Lassila, M. Majaniemi & H. Tenhunen: 16 Bit RISC Processor
TUTFORTH, Industrial Physics Symposium, 28. - 29. September 1988,
Finland, pp. 155 - 160

33. P. Kotilainen, J. Nurmi & H. Tenhunen: A Bit-Serial Transversal
Filter Processor-TUTSP, Industrial Physics Symposium, 28. - 29.
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Transistor Memory Cell, Industrial Physics Symposium, 28. - 29.
September, 1988, Finland, pp. 139 - 142

35. J. Nurmi, P. Kotilainen & H. Tenhunen: VLSI Digital Signal
Processing at Video Rates, Industrial Physics Symposium, 28. - 29.
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36. K. Saarinen, H. Tenhunen, Y. Neuvo & T. Yli-Pietila: An
Interpolation Based VLSI Realizable Beamsteering Method, Industrial
Physics Symposium, 28. - 29. September, 1988, Finland, pp. 85 - 90

37. K. Ahola, H. Rantalainen, J. Suutari & H. Tenhunen: An
Analog/Digital VLSI Circuit for an Advanced Particle Detector,
Industrial Physics Symposium, 28. - 29. September 1988, Finland, pp.
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38. K. Ahola, T. Koivunen, H. Tenhunen & A. Vahatalo: VLSI Circuit
Design for Harsh Environments, Industrial Physics Symposium, 28. -
29. September 1988, Finland, pp. 69 - 74

39. T. Karema, H. Palomdki, T. Ritoniemi, T. Saramdki & H. Tenhunen:
An Oversampled Analog-to-Digital Conversion Technique, tutorial in

Industrial Physics Symposium, 28. - 29. September 1988, Finland, pp.
17 - 32
40. P. Ojala, K. Kankaala, T. Korpiharju, H. Tenhunen & K. Kaski:

Advanced Circuit Level SPICE Models for a Molybdenium Gate CMOS
Process, in IEEE/URSI XIV National Convention on Radio Science,
1988, p. I1/1

41. T. Ritoniemi, T. Korpiharju, T. Husu & H. Tenhunen: High
Performance Differential Amplifier for Low Noise SC Circuits, 1in
IEEE/URSI XIV National Convention on Radio Science, 1988, p. P19

42. T. Karema, A. Yla-Jaaski, H. Raittinen, H. Venehsalo, T. Ritoniemi
& H. Tenhunen: Computationally Efficient Digital IIR-Filter for
Sigma-Delta A/D-Converter, in IEEE/URSI XIV National Convention on
Radio Science, 1988, p. P24

43. J. Suutari, H. Rantalainen & H. Tenhunen: Measuring Current with
Galvanic Isolation, IEEE/URSI XIV National Convention on Radio
Science, 1988, p. P29

44, M. Antila, T. Aaltonen & H. Tenhunen: VLSI Signal Processing for
UPS, IEEE/URSI XIV National Convention on Radio Science, 1988, p.
P21

45. P. Kotilainen, J. Nurmi & H. Tenhunen: A Bit-Serial Transversal
Filter Processor-TUTSP, in IEEE/URSI XIV National Convention on
Radio Science, 1988, p. P2/1

46. J. Niittylahti & H. Tenhunen: RAM/ROM Structures for Molybdenium

Gate CMOS-Process, 1in IEEE/URSI XIV National Convention on Radio
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47. M. Lindell & H. Tenhunen: Chopper Stabilized Analog Front End for
Sensor Signal Acquisition, in IEEE/URSI XIV National Convention on
Radio Science, 1988, p. P20

48. H. Tenhunen: ASIC Opportunities; Invited presentation in Custom
Silicon Now! workshop, Finland, March 1989

49. H. Tenhunen: Microelectronics: Revolution of Technology, invited
presentation in Studia Generalia, University of Helsinki, Finland,
April 1989

50. H. Tenhunen: CAE for ASIC System Design; invited presentation in
ASIC-89 industrial course, Helsinki University of Technology,
Finland, March 1989

51. H. Tenhunen: ©National Microelectronics Program 1987 -1989;
presentation in National IC Design Workshop, Finland, April 1989

52. H. Tenhunen: Prospects in DSP-ASIC Design, in DSP-ASIC Workshop,
Sally Albatross, Finland, February 1989

53. 0. Vainio & H. Tenhunen (Eds.): DSP-ASIC Technical Report, Signal
Processing laboratory, Tampere University of Technology, 1987-890,
in 5 volumes, 2200 pages.

54. J. Nurmi, T-P. Lassila, M. Majaniemi, T. Husu, T. Karema, O.
Vainio & H. Tenhunen: Signal Processor Modelling Techniques for DSP-
ASIC, in Proc. URSI/IEEE XV Convention on Radio Science, Finland,
November 1989, p. I1/4

55. J. 1Isoaho, T. Ritoniemi, T. Karema & H. Tenhunen: Digital Modem
Interface with Programmable Gate Arrays, in Proc. of URSI/IEEE XV
Convention on Radio Science, Finland, November 1989, p. I2/1

56. J. Nurmi, M. Williams, O. Vainio & H. Tenhunen: Design of Real-
Time QRS-Complex Detector, in Proc. of URSI/IEEE XV Convention on
Radio Science, Finland, November 1989, p. L2/1

57. J. Isoaho, T. Karema, T. Ritoniemi & H. Tenhunen: A 16-bit
Sigma/Delta A/D Converter for Modem Applications, presentation in
1989 Analog Circuit Design Workshop, Sjokulla, Finland, December
1989.

58. T. Ritoniemi, T. Karema & H. Tenhunen: A Differential OTA for
Switched Capacitor Circuits, presentation in 1989 Analog Circuit
Design Workshop, Sjokulla, Finland, December 1989

59. T. Ritoniemi, T. Karema & H. Tenhunen: A High Speed Positive
Feedback Two Stage Comparator, presentation in 1989 Analog Circuit
Design Workshop, Sjodkulla, Finland, December 1989

60. T. Ritoniemi, T. Karema & H. Tenhunen: Design and Measurement of
Sigma-Delta Modulators, presentation in 1989 Analog Circuit Design
Workshop, Sjdkulla, Finland, December 1989

ol. K. Kankaala, P. O0Ojala, J. Poutala, K. Kaski & H. Tenhunen:
Integration of CAD Tools for Semiconductor Process and Design
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P. Ojala, K. Kaski, J. Poutala, K. Kankaala & H. Tenhunen:
Hierarchical Integrated VLST Simulation Environment: Device
Parameter Optimization for Circuit Simulation, Report 5-89,
Electronics Laboratory, Tampere University of Technology, 1989, 40
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A.Latvala & H. Tenhunen: ASIC Technology Selection: Cost Factors
and Risks, Report #7, Research Institute of Information Technology,
TUT, March 1990, 75 p.

A.Latvala & H. Tenhunen: ASIC Technology Selection: Integration,
Design Efficiency and Development Time Schedules, Report #6,
Research Institute of Information Technology, TUT, March 1990, 43 p.

A.Latvala, H. Jaakkola & H. Tenhunen: Study of the Impact and
Problems of Utilization of Microelectronics in Finnish Electronics
Industry, Technology, a book published by Technology Development
Centre (TEKES), Helsinki, November 1990, 200 p.

J. Pasanen & H. Tenhunen: Fast Prototyping, in INSKO Course New
Design Methods in Electronics, Tampere, November 1990, 18 p.

J. Pasanen, P. Jahkonen, S.J. Ovaska, O. Vainio & H. Tenhunen: An
ASIC Digital Motion Control Unit, in Proc. of The First Finnish-
Estonian Workshop on Digital Circuits and Algorithms, Tallinn,
Estonia, March 18-20, 1991, 8 p.

T. Ritoniemi, V. Eerola, T. Karema & H. Tenhunen; Oversampled Data
Converters, 1in Proc. of The First Finnish-Estonian Workshop on
Digital Circuits and Algorithms, Tallinn, Estonia, March 18-20,
1991, 12 p.

H. Tenhunen; IC Design and Education Project, in Microelectronics
Programme 1987-91, Editor Sami Frantsila, TEKES, May 1991, pp. 3-9.
Also presented in Microelectronics Seminar, Helsinki, June 1991.

H. Tenhunen; Kemi 2000 Programme, Kemi Technology Seminar,
September 1991

H. Tenhunen: Microelectronics and ASIC Education for Polytechnics,
invited presentation in Polytechnic Teacher Seminar, October 1991

H. Tenhunen; Fast Prototyping in DSP System Design, invited
tutorial presentation in Electronic System Design  Workshop,
Stockholm, April 1992.

H. Tenhunen; Fast Prototyping - A Myth in Real Life, in NORSILC
Workshop, FPGA Technologies, Lund, May 1992

H. Tenhunen; Nordic Cooperation in Microelectronic Research, in
2nd Estonian-Finnish Workshop on Digital Systems and Signal
Processing, January 1992, Tallinn, Estonia.
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75. H. Tenhunen; Industry /University Cooperation in Microelectronics
Research, in NUTEK Workshop on Microelectronics System Research,
Stockholm, February 1992.

76. D. Kerek, H. Olson & H. Tenhunen; Design of Walkstation Radio, in
Walkstation Workshop, March 1994, Sweden.

77. J. Isoaho and H. Tenhunen, “Fast Prototyping for DSP”, In EDA-
Traff’ 94, Stockholm, Sweden, 1994.

78. H. Tenhunen: Fast prototyping- A Myth in Real Life, in NORSILC
FPGA Technologies workshop, Lund, Sweden, May 1992

79. Hannu Tenhunen, “Challenges for System Design”, NorESD Course,
1994
80. Hannu Tenhunen, “ASIC Emulation for Board Level System Design”n

NorESD, 1994.

81. Ahmed Hemani, Hannu Tenhunen, System Design Research at ESDlab.
Advanced ASIC Consortium Seminar at MEST, Ericsson Components,
Kista, 1994.

82. T. Juhola and H. Tenhunen. Market survey summary report on
utilisation of ASICs in SMIs in western europe. Technical report,
ESD Lab, Department of Electronics, Royal Institute of Technology,
Stockholm, Sweden, 1994. TRITA-ESD-1994-04.

83. [H. Tenhunen. Problems and trends in electronic systems design.
Technical report, ESD Lab, Department of Electronics, KTH, Sweden
and Finland, 1994. NorESD Course.

84. [ H. Tenhunen. ASIC emulation for board level system design.
Technical report, ESD Lab, Department of Electronics, KTH, Sweden
and Finland, 1994. NorESD Course.

85. H. Tenhunen. Challenges for system design. Technical report, ESD
Lab, Department of Electronics, KTH, Sweden and Finland, 1994.
NorESD Course.

86. T. Lazraq, P-0O Bergstedt, M. Mokhtari, H. Tenhunen “Architecture
and Circuit Design of GaAs 10 Gb/SEc/Port ATM-Switching Element” A2,
GigaHertz Conference, Gothenburg, 1995.

87. M. Mokhtari, T. Juhola, G. Schuppener, H. Tenhunen “Comparison of
Measurements and Simulations of Ring Oscillators Fabricated in
InP/InGaAs HBT Technology at KTH”, A5, GigaHertz Conference,
Gothenburg, 1995.

88. M. Allaskog, T. Juhola, M. Mokhtari , H. Tenhunen “Concurrent
Techology and Circuit Design for an In-House 60 GHz Si Bipolar

Technology”, PS-!, GigaHertz Conference, Gothenburg 1995.

89. B. Oelmann & H. Tenhunen “Comparison of Self-Timed and Synchronous
High-Speed VLSI/ULSI Circuits Using System-Level Performance
Modelling”, PS-7, GigaHertz Conference, Gothenburg, 1995.
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90. Kerek, H. Olson, H. Tenhunen “A Direct Sequence Spread Spectrum
Chip for Broadband Mobile Communication”, PS-9, GigaHertz
Conference, Gothenburg, 1995.

91. M. Mokhtari, T. Juhola, G. Schuppener, H. Tenhunen “2GS/s, 4 Bit
Flash A/D Converter in the P28 Technology”, PS-11, GigaHertz
Conference, Gothenburg, 1995.

92. T. Vaaraniemi, M. Mokhtari, H. Tenhunen “A GHZ GaAs Sigma-Delta AD
Converter”, PS-12, GigaHertz Conference, Gothenburg, 1995.

93. P. Zhu, H. Tenhunen “A 100 MHz Switched-Current Sigma-Delta
Modulator for A/D Converter in 0,6 um Cmos Technology”, PS-14,
GigaHertz Conference, Gothenburg, 1995.

94. M. Mokhtari, T. Juhola, G. Schuppener, H. Tenhunen, N. Tan, K.
Akermark , A. Djupsjodbacka, H. Mader** (*MERC Ericsson ComponentsAB,
** Micromos Consulting AG) “The Apollo Transmitter and Receiver
Circuits for Multi-Channel Synchronous and Asynchronous Fibre
Optical Communication”, PS-48, Gigahertz Conference, Gothenburg,
1995.

95. H. Tenhunen: Challenges in System Design, invited conference key
note presentation in EdaTraff95, Kista, 1995

96. H. Tenhunen, N. Tan, “Sigma-Delta”- Course for Ericsson,
Stockholm, 1995.

97. T. Juhola & H. Tenhunen, “ Adoption and Utilization of ASIC
Technologies - Streamlines for Startegic Adoption of ASICs in SMIs”,
KTH report, TRITA-ESD-1994-11

98. T. Karema, T. Ritoniemi & H. Tenhunen: Menetelmd, kahden tai
useamman sigma-delta-modulaattorin kytkemiseksi kaskadiin seka
sigma-delta-modu- laattorijdrjestelmda (A Method to Cascade One or
More Sigma-Delta-Modulators and A Sigma-Delta Modulator System),
1988, Approved in Finland

99. P. Solanti, H. Tenhunen & E. Kiiskinen: Digitaalises—ti ohjattu
kontaktori ja menetelma kontaktorin saatamiseksi (Digitally
Controlled Contactor and a Method to Control the Contactor), 1988,
pending

100. M. Renfors, Y. Neuvo, J. Makinen, H. Tenhunen & J. Rapeli:
Hadiridnvaimennusmenetelm& (A Method for Noise Supression), 1988,
approved in Finland,

101. T. Karema, T. Ritoniemi & H. Tenhunen: Menetelm& Jja laite A/D-tai
D/A-muuntimen naytteenottohetken synkronoimiseksi ulkoiseen
signaaliin (A (Method and Apparatus to Synchronize the Sampling Time
of A/D or D/A Converter to an External Signal), pending in Finland

102. J. Suutari, P. Solanti, H. Tenhunen, M. Siikonen & E. Kiiskinen:
Laitteisto Jja menetelma sahkdévirran mittaamiseksi hairidllissséa

olosuhteissa (An Apparatus and Method Measuring Current in Noisy
Environmental Conditions), pending 1989
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103. T. Karema, T. Ritoniemi & H. Tenhunen: Menetelma ja laite korkea-
asteisen ylindytteistetyn D/A muuntimen toiminnan stabiloimiseksi (A
Method and Apparatus to Stabilize the Operation of High Order
Oversampled D/A Converter), pending in Finland 1990

104. T. Ritoniemi, T. Karema & H. Tenhunen, Menetelmada ja jarjestely
korkeamman asteen sigma-delta-modulaattorin stabiloimiseksi (A
Method and Setup to Stabilize a High Order Sigma-Delta Modulator),
pending in Finland 1991.

105. T. Juhola & H. Tenhunen: "Market Survey Summary Report on
Utilisation of ASICs in SMIs in Western Europe", 1994, 33p.TRITA-
ESD-1994-04, Royal Institute of Technology, Stockholm, Sweden.

106. J. Isoaho, H. Tenhunen, “Fast Prototyping for DSP”, In EDA-
Traff’ 94, Stockholm, Sweden, 1994.

107. J. 1Isoaho & H. Tenhunen, “FPGA Technologies” and “System
Development with FPGAs”, Effektiv anvandning av FPGA,
Konferensinstitutet S:t Erik AB, Stockholm, Sweden, 1994.

108. H. Tenhunen, “Challenges for System Design”, Lecture notes, NorESD
Course, 1994.

109. H. Tenhunen, “ASIC emulation for Board level System Design”,
Lecture notes, NorESD, 1994.

110. H. Tenhunen, “Problems and Trends 1in Electronic System Design”,
Lecture notes, NorESD Course, 1994.

111. H. Tenhunen & J. P. Krusius: Dielectric Isolation Methods for High
Density VLSI, reviewed presentation in 6th Annual PROSUS, Ithaca,
NY, October 1984

112. H. Tenhunen & K. Kankaala: CAD Tools for Process and Device
Development for Submicron CMOS Technologies, presentation in Nordic
Research School on Submicron Physics, Copenhagen, Denmark, November
1987

113. K. Kankaala, J. Poutala, P. O0Ojala, K. Kaski & H. Tenhunen:
Hierarchical Process & Device Modelling, presentation in
International Advanced course on MOS VLSI Circuit Design for
Telecommunication, June 1988 (IEEE ISCAS-88 postconference course)

114. K. Kankaala & H. Tenhunen: To Spice or not to Spice, presentation
in International Advanced course on MOS VLSI Circuit Design for
Telecommunication, June 1988 (IEEE ISCAS-88 postconference course)

115. T. Karema, T. Ritoniemi & H. Tenhunen: Sigma/Delta Modulation
Based A/D Conversion Techniques, 3 presentations in International
Advanced course on MOS VLSI Circuit Design for Telecommunication,
June 1988 (IEEE ISCAS-88 postconference course)

116. H. Tenhunen: Analog and Digital Circuit Design for High Accuracy
Converters, invited 3 h lecture in International Sigma/Delta Data
Converters Course in EPFL, Lausanne, Switzerland, and July 1991
(published as lecture notes by EPFL).
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117. H. Olsson, D. Kerek, B. Oelmann & H. Tenhunen: Architecture
Optimization of a Direct Sequence Spread Spectrum Baseband
Transceiver, 1in proc. Of SNRV Conferece on Radio Science and
Communication, Luled&, Swden, 1996

118. A.Gothenberg & H. Tenhunen, “Cascaded Sigma-Delta Noise Shapers
for Radio Front-Ends” Proc. of the International ConFront Workshop,
Tallinn, Estonia, and November 9, 1997.

119. Li Li and H.Tenhunen. A simple macromodeling method for estimation
substrate coupling in an RFIC mixer. In Swedish System-on-Chip
Conference 2003 (SSoCC'03), Eskilstuna, Sweden, April 2003.

120. Li Li and H.Tenhunen. Substrate noise coupling in mixed-siganl
ICs. In In Mentor Graphics-KTH Joint Tutorial Workshop on Mixed-
Signal IC Design, Espoo, Finland, April 2003.

121. L.-R. Zheng and H. Tenhunen. Global interconnect design for high
speed ULSI and SoC. Technical report, Kista, Stockholm, Sweden,
April 2000. EDA-Traff 2000, Design Automation Conference.

122. L.-R. Zheng, Li Li, and Hannu Tenhunen. Substrate noise coupling
in mixed-signal ICs: Part 1 and part 2. In Mentor Graphics - KTH
Joint Tutorial Workshop on Mixed-Signal IC Design, Espoo, Finland,
April 3 2003.

123. I. Ben Dhaou and H. Tenhunen. On-chip signaling for future soc. In
Proc. Radiovetenskap och Kommunikation RVK 02, pages vol.2, pp.729-
732, Stockholm, Sweden, June 2002.

124. L.-R. Zheng, Li Li, and Hannu Tenhunen. Substrate noise coupling
in mixed-signal ICs: Part 1 and part 2. In Mentor Graphics - KTH
Joint Tutorial Workshop on Mixed-Signal IC Design, Espoo, Finland,
April 3 2003.

125. Li Li and Hannu Tenhunen. Noise modeling and analysis of mixer in
RF transceivers. In 2002 SoC-Mobinet Workshop, Falkenberg, Sweden,
Presentation, March 2002.

126. L.-R. Zheng and H. Tenhunen. Physical issues in network-on-chip.
In Workshop of Network-on-Chip at European Solid-State Circuit
Conference, Villach, Austria, Sept.17-21 2001. (Tutorial Lecture).

127. Li Li and Hannu Tenhunen. Substrate noise coupling in RF CMOS
mixer. In 2002 SoC-TRix Workshop, Norrkdping, Sweden, Presentation,
April 2002.

128. Hannu Tenhunen and L.-R. Zheng. Introduction to electrical issues
in system-on-chip and system-on-package design. In Workshop of
<Electrical Issues in System-on-Chip and System-on-Package Design>
at European Solid-State Circuits Conference, Florence, Italy, Sept.
23-27 2002. (Tutorial Lecture).

129. L.-R. Zheng and Hannu Tenhunen. Power distribution design in
system-on-chip and system-on-package. In Workshop of <Electrical
Issues in System-on-Chip and System-on-Package Design> at European
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Solid-State Circuits Conference, Florence, Italy, Sept. 23-27 2002.
(Tutorial Lecture).

130. L.-R. Zheng and H. Tenhunen. Seamless electronic integration for
next generation integrated systems. In Proc. Electronics Production
and Packaging Technology Conference, pages 197-202, Pori, Finland,
May 2001.

131. Li Li and H.Tenhunen. Substrate noise coupling in mixed-siganl
ICs. In In Mentor Graphics-KTH Joint Tutorial Workshop on Mixed-
Signal IC Design, Espoo, Finland, April 2003.

132. Jian Liu, Dinesh Pamunuwa, L.-R. Zheng, and H. Tenhunen. A tst
switch for network-on-chip. In Swedish System-on-Chip Conference
2003 (SSoCC2003), Eskilstuna, Sweden, April 8-9 2003.

133. Xinzhong Duo, L.R. Zheng, M. Ismail, and H. Tenhunen. On-chip
versus off-chip passives 1in multi-band radio design. In Proc.
Swedish System-on-Chip Conference 2004, Bastad,Sweden, Apr 2004

134. Li Li and H.Tenhunen. High-linearity SiGe 5-6GHz monolithic RF
mixer ICs. In Swedish System-on-Chip Conference 2004 (SSoCC'04),
Sweden, April 2004.

135. Li Li and H.Tenhunen. A simple macromodeling method for estimation
substrate coupling in an RFIC mixer. In Swedish System-on-Chip
Conference 2003 (SSoCC'03), Eskilstuna, Sweden, April 2003.

136. L.-R. Zheng and H. Tenhunen. Chip-package co-design for system-on-
package integration. In Tutorial Workshop of 2003 European Solid-
State Circuit Conference, Lisbon, Portugal, Sept.15-19 2003.

137. H. Tenhunen and L.-R. Zheng. Soc and sop trends and introduction

to 1interconnect centric design. In Tutorial Workshop of 2003
European Solid-State Circuit Conference, Lisbon, Portugal, Sept.15-
19 2003.

138. Delia Rodriquez, Ana Rusu, M. Ismail, and H. Tenhunen. A/d
converters for multistandard wireless receivers: an overview. 1In
Proceedings of IEEE Swedish System-on-Chip Conference 2004, Bastad,
April 2004.

139. H. Tenhunen, System-on-Chip Education, invited key note
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