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Abstract

We present an analog VLSI chip for parallel analog vector quantiza-
tion. The MOSIS 2.0 um double-poly CMOS Tiny chip contains an
array of 16 x 16 charge-based distance estimation cells, implementing a
mean absolute difference (MAD) inetric operating on a 16-input analog
vector field and 16 analog template vectors. The distance cell includ-
ing dynamic template storage measures 60 x 78 um?. Additionally,
the chip features a winner-take-all (WTA) output circuit of linear com-
plexity, with global positive feedback for fast and decisive settling of a
single winner output. Experimental results on the complete 16 x 16 VQ
system demonstrate correct operation with 34 dB analog input dynamic
range and 3 usec cycle time at 0.7 mW power dissipation.

1 Introduction

Vector quantization (VQ) [1] is a common ingredient in signal processing, for applications
of pattern recognition and data compression in vision, speech and beyond. Certain neural
network models for pattern recognition, such as Kohonen feature map classifiers [2], are
closely related to VQ as well. The implementation of VQ, in its basic form, involves a
search among a set of vector templates for the one which best matches the input vector,
whereby the degree of matching is quantified by a given vector distance metric. Effi-



780 Gert Cauwenberghs, Volnei Pedroni

cient hardware implementation requires a parallel search over the template set and a fast
selection and encoding of the “winning” template. The chip presented here implements
a parallel synchronous analog vector quantizer with 16 analog input vector components
and 16 dynamically stored analog template vectors, producing a 4-bit digital output word
encoding the winning template upon presentation of an input vector. The architecture is
fully scalable as in previous implementations of analog vector quantizers, e.g. [3,4,5,6],
and can be readily expanded toward a larger number of vector components and template
vectors without structural modification of the layout. Distinct features of the present
implementation include a linear winner-take-all (WTA) structure with globalized posi-
tive feedback for fast selection of the winning template, and a mean absolute difference
(MAD) metric for the distance estimations, both realized with a minimum amount of
circuitry. Using a linear charge-based circuit topology for MAD distance accumulation,
a wide voltage range for the analog inputs and templates is achieved at relatively low
energy consumption per computation cycle.

2 System Architecture

The core of the VQ consists of a 16 x 16 2-D array of distance estimation cells, configured
to interconnect columns and rows according to the vector input components and template
outputs. Each cell computes in parallel the absolute difference distance between one
component x; of the input vector x and the corresponding component y' j of one of the
template vectors y’,

d(xj’yij)=|xj_yij|, ihj=1...16. 1)

The mean absolute difference (MAD) distance between input and template vectors is
accumulated along rows

o |8 ' ‘
d(x,y’)=ﬁz =y, i=1...16 Q)
=1

and presented to the WTA, which selects the single winner
K™ = argmind(x, y') . 3
1

Additional parts are included in the architecture for binary encoding of the winning
output, and for address selection to write and refresh the template vectors.

3 VLSI Circuit Implementation

The circuit implementation of the major components of the VQ, for MAD distance
estimation and WTA selection, is described below. Both MAD distance and WTA cells
operate in clocked synchronous mode using a precharge/evaluate scheme in the voltage
domain. The approach followed here offers a wide analog voltage range of inputs and
templates at low power weak-inversion MOS operation, and a fast and decisive settling of
the winning output using a single communication line for global positive feedback. The
output encoding and address decoding circuitry are implemented using standard CMOS
logic.



A Charge-Based CMOS Parallel Analog Vector Quantizer 781

WR;
WR;

Vret

PRE -I[:jlw PRE

4/2

(a) (b)

Figure 1: Schematic of distance estimation circuitry. (a) Absolute distance cell. (b)
Output precharge circuitry.

3.1 Distance Estimation Cell

The schematic of the distance estimation cell, replicated along rows and columns of
the VQ array, is shown in Figure 1 (a). The cell contains two source followers, which
buffer the input voltage x; and the template voltage y';. The template voltage is stored
dynamically onto Ciore, Written or refreshed by ac actlvatmg WR; while the y’; value is
presented on the x; input line. The WR; and WR; signal levels along rows of the VQ
array are driven by the address decoder, which selects a single template vector y* to be
written to with data presented at the input x when WR is active.

Add1t1ona1 lateral transistors connect symmetrically to the source follower outputs x;’
and y' j By means of re81st1ve division, the lateral transistors construct the maximum
and minimum of x; J "and y'; "on z jH and z' , , respectlvely In partlcular, when x; is
much larger than y';, the voltage z ," approaches x;’ and the voltage z'; ° approaches
y E By symmetry, the complementary argument holds in case x; is much smaller than
. Therefore, the differential component of z jH and z ,L approximately represents the
absolute difference value of x; and y';:
HI j LO i/ . i !
;=70 & max(x,’, y'] ) — min(x;’, y* ;) Y]
= Ix j I K |x J y ' j I ’
with « the MOS back gate effect coefficient [7].

The mean absolute difference (MAD) distances (2) are obtained by accumulating con-
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The schematic of the WTA cell, receiving the input z' and constructing the digital output
d; through global competition communicated over the COMM line, is shown in Figure 3.
The global COMM line is source connected to input transistor Mi and positive feedback
transistor Mf, and receives a constant bias current [, (5., from Mbl. Locally, the WTA
operation is governed by the dynamics of d;’ on (parasitic) capacitor C,. A high pulse















