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1.0 ERNIE GLUCOSE METER PLATFORM — OVERVIEW

The Ernie System-in-Package (SiP) platform for glucose meter applications provides industry-
leading front-end accuracy, power consumption, display and connectivity features at a not-seen-
before integration and cost level. This is achieved by tight integration with the application
requirement and special-purpose hardware designed to reduce common measurement errors.

Traditional glucose meters often use a separate micro-controller (MCU) and analog front-end
(AFE) products, making the end-user of this approach pay for unnecessary additional packaging,
increased PCB space, and significant hardware and embedded software design effort to test the
communications and data transfer between the MCU and AFE. The Ernie device overcomes these
limitations by providing a single small system-in-package (SiP) that not only combines a high
performance low power ARM Cortex-M0 MCU and glucose measurement AFE dice into a single
package, but also functionally maps the AFE functions within the MCU address space for easy
error-free software development.

Similarly, traditional glucose meters often use a separate EEPROM chip to store measurement
results. Ernie allows the device manufacturer to lower cost by forgoing EEPROM and using the
generous automotive-reliability grade 160 KB Flash embedded within the same die as the MCU.

Diabetes patients and healthcare providers today demand easy access to their past
measurement glucose result history on a computer, tablet or other device for analysis, and
communication with a doctor. However, traditional glucose meters either still do not offer an easy
way to get data from the meter into a computer, or almost always use some proprietary cable or
format to transfer the data. This is frustrating for the end user who does not want to deal with
another easy-to-lose cable. While some existing products attempt to remedy this by using USB, the
cost of adding the USB function thus far has been high. Typically, a special variant of MCU
supporting USB in addition to various PCB components for power conditioning, clock generation
and resistive pull-ups and matching are required. The Ernie SiP provides USB 1.1 as a standard
peripheral, making it easy for the entire future meter product platform to support the popular USB
functionality in a very simple and cost-effective manner. Ernie not only provides the necessary
USB 10 digital functions, but integrates all the necessary analog front-end circuits such as 48 MHz
clock generation PLL, VBUS (5 V) to 3.3 V voltage regulator to generate correct USB signaling
levels, and all pull-up and matching resistors. Further, the USB PLL clock source reuses the
32.768 kHz XTAL already present in the system for real-time clock (RTC) as a reference, without
requiring any other clock source, further reducing BoM cost. In addition, integrated power path
switches can choose between coin cell and USB power source for the MCU and/or AFE with no
external intervention, without causing the MCU to reset.

Finally, Ernie offers a zero compromise approach to analog front-end accuracy. Several
innovative features are included to reduce common sources of error in traditional meters. A
detailed diagram of the meter AFE is shown in Fig 1. Two independent potentiostat channels are
provided, whose output is multiplexed to the same ADC. This allows algorithm development
flexibility to dedicate one channel for hematocrit correction (or correction against other interfering
agents, depending on strip chemistry).
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Figure 1. Ernie AFE detailed functional diagram
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The ADC is an oversampling 1 ksps signed 17-bit sigma delta modulator featuring low gain
(slope change) error over temperature, voltage and part to part variation. The reference is
integrated and can be easily calibrated on the PCB using a single high precision measurement of
the ADC_REF pin. Since the output is signed, the ADC can measure and correct small offsets in
the potentiostat circuits, even if they are negative. Finally, the ADC can provide output data at 17-
bit resolution as a single data point (software-triggered) or in streaming mode (up to 1000 samples
per second) allowing diverse measurement algorithms based on both static and dynamic
electrochemistry, with the freedom to apply software averaging or filtering (if desired) on samples
acquired at fast data rates, or optimize power consumption by simply turning off most of the ADC in
between successive sample acquisitions.

Today’s high performance glucose measurement strips use multiple electrodes for
actuation and measurement. They interface to the AFE using a switch matrix. However, a poorly
designed switch matrix can easily jeopardize the accuracy of the measurement by introducing
extra resistance that can cause the applied voltage programmed through the DAC to be different
from the actual potential seen by the strip depending on the current generated by the chemical
reaction. Fig 3(a) shows a typical implementation where a reference voltage (generated by a DAC
or a fixed reference) is to be applied to strip terminal E when switch SG4 is closed. However, the
op-amp only ensures that the reference voltage is applied to point SG (within the offset of the
opamp), whereas the voltage at terminal E can differ from SG by the IR drop across the switch
SG4.

The typical design attempts to mitigate this problem by increasing the size of switch SG4 to
reduce its resistance. However, not only does a large switch cost more die area, it also increases
the leakage of the switch when it is off. This trade-off between performance and cost can be
improved by using the architecture of Fig 3(b) instead, where the switch is now included in the
feedback loop of the opamp. As the opamp keeps the voltages at its positive and negative inputs
equal, it makes the reference voltage equal to the voltage at terminal E. This effectively
desensitizes the applied voltage to the resistance of the switch. In actual implementation, we would
like the op-amp to close this loop based on the pin currently in use. This can be done by
implementing multiple double-pole single-throw switches as shown in Fig 4(c).

Further, the opamp itself is designed using a CMOS input that does not leak any DC current
at the input, unlike BICMOS or bipolar inputs that create off state leakage (easily >10-100 nA per

pin).
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Figure 2. Inprovement in Switch Matrix Design

Strips also contain electronic calibration codes either etched or deposited on the strip itself
at the time of manufacturing that can be read by the meter AFE to properly take into account lot-to-
lot variation in the strip manufacturing. This interface must be managed without involvement from
the diabetic patient or their caregivers by electronic read-out. Ernie includes the necessary force-
sense circuits on the strip interface pins to electronically read strip calibration codes easily without
any end-user involvement.

Many traditional glucose meter implementations use either multiple special purpose DACs
with different resolutions or ranges, or multiple instances of an expensive high-resolution, wide
output range DAC as their DC voltage source for the potentiostat driving the electrochemical
reaction. This approach is not well tailored to the glucose sensing application, and results in a
poorer cost vs. performance trade-off compared to the approach taken in Ernie. Ernie uses a novel
sub-ranging DAC architecture that simultaneously achieves wide range, small step size and small
size (low manufacturing cost), while retaining the ability to calibrate the voltages used by the
algorithm in a simple manner in the production environment.
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The architecture exploits the fact that only a few precise static voltages are typically
required in the final glucose measurement algorithm, but these voltages are separated by at least
10s of mV. This means the precision required for a given value is high, but the step size required is
not as small as this required precision would dictate. At the same time, it is desirable to be able to
pick any voltage with adequate precision during the algorithm development phase easily. These
seemingly conflicting requirements can be simultaneously satisfied by using a sub-ranging
architecture employing a coarse DAC whose output is corrected by a fine DAC, as shown in Fig
4(a). The resulting output is a saw-tooth shaped output response, where any differential non-
linearity occurs at pre-determined code locations, as shown in Fig 4(b). Each fine sub-range
continues to be very linear. Also, any output value can be synthesized by more than one input
code, thus avoiding the problem of missing codes. The DAC is ground referenced, thus avoiding
problems with errors caused by non-zero minimum and maximum floating references. In the Ernie
SiP, this sub-ranging architecture is implemented by using a 6-bit coarse DAC and an 8-bit fine
DAC, giving < 0.4 mV step size over a >2.5 V output range. The resolution is sufficient to provide
adequate choices for optimizing reaction chemistry, while still allowing all corner case
measurements (such as those involving applying high voltages for error checking) to be made with
the same DAC. The DAC is much lower area (and cost) than an equivalent traditional 6 + 8 = 14-
bit DAC. Multiple instances of this same DAC can support multiple measurement channels,
keeping them inter-changeable based on board and strip interface requirements while keeping the
software programming model the same for either channel.

Once the correct voltage has been generated as accurately as possible to generate, the
next problem is to measure the amperometric sensor current accurately. To measure sensor
current, many traditional ADCs are configured to measure the voltage between the DAC output
and the op-amp output, as showing in Fig 5(a), and divide that in software by the gain resistance.
However, this scheme is susceptible to the offset of the op-amp, in addition to the problem of the
IR drop of the switch as explained above. It is better instead to simply measure directly across the
gain-setting resistor as shown in Fig 5(b). The problem of interfacing the common gain resistor
across multiple different sensor interface pins (depending on which one is in use) can be solved by
using double-pole single-throw switches appropriately; an example of one embodiment is shown in
Fig 5(c).

Thus, a combination of architectural innovations incorporated within the Ernie SiP platform
make it the easiest to use, highest performance and lowest cost solution for glucose meter
electronics today. These are summarized in the final concluding list.
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Figure 3. Improved application specific source voltage DAC design
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Figure 4. Improvement in ADC Interface Design
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2.0 SUMMARY OF ERNIE ADVANTAGES OVER TRADITIONAL

GLUCOSE METER ELECTRONICS SOLUTIONS

Single multi-function SiP for micro-controller, segment LCD display driver, analog measurement, results
storage, and PC communication (via USB) — saves significant BoM cost and PCB area, and enables
new product form factors

All analog and digital peripherals mapped into single unified MCU address space makes algorithm
development easy and reduces memory footprint

High speed 32-bit ARM Cortex-MO provides industry leading power consumption vs. speed tradeoff,
and increases code portability across projects

Integrated on-chip power path for USB and coin cell operation
Adequate Flash memory to save thousands of test results, which can save EEPROM cost
Fully integrated USB full speed (12 Mbps) peripheral including

a) Precision 48 MHz clock PLL source reusing 32.768 KHz RTC XTAL (no separate high frequency
crystal is required)

b) Input VBUS (5 V) to 3.3 V voltage regulator

c) All pull-up and series matching resistors

d) Digital serial engine supporting multiple transfer end-points

High accuracy analog front-end reduces common measurement errors through innovative ASIC design
a) Two potentiostat channels multiplexed to same ADC for low cost.

b) Oversampling signed 17-bit sigma-delta ADC with integrated reference supporting up to 1000
output samples/second. The ADC features reduced gain and offset variation over temperature and
voltage compared to dual slope architectures

c) Novel 14-bit sub-ranging DAC architecture capable of wide output range (>2.5 V) at minimal cost
overhead, minimizing need for different DAC flavors needed for handling special cases in glucose
algorithm

d) Double-pole switch matrix to increase accuracy of applied voltage in potentiostat mode

e) ADC measures voltage directly across gain resistor of transimpedance amplifier to reduce op-amp
offset errors

f) Integrated regulated charge pump for allowing potentiostat output voltages greater than battery
voltage

g) MCU and AFE are on separate die inside Ernie SiP with independent supplies and grounds to
minimize MCU noise from interfering with AFE operation

h) Dedicated timer on AFE die running from 32.768 KHz XTAL for precise algorithm timing
i) Reconfigurable AFE pins to read-out glucose strip calibration codes with no extra hardware

j) Equivalent or better battery life than existing products
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3.0 CONTACTS

United States
32 Journey
Aliso Viejo, California 92656, USA
Tel: +1 949-608-0854
sales@indiesemi.com

China
232 Room, Donghai Wanhao Plaza,
South Hi-tech 11th Road, Hi-tech Industry Park,
Nanshan District, Shenzhen, China.
Tel: +86 755-86116939

Scotland

MWB Business Exchange
9-10 St. Andrew Square
Edinburgh EH2 2AF, Scotland
Tel: +44 131 718 6378

http://lwww.indiesemi.com/
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4.0 IMPORTANT NOTICE

indie semiconductor reserves the right to make changes, corrections, enhancements,
modifications, and improvements to indie semiconductor products and/or to this document at any
time without notice. Purchasers should obtain the latest relevant information on indie
semiconductor products before placing orders. indie semiconductor products are sold pursuant to
indie semiconductor’s terms and conditions of sale in place at the time of order acknowledgement.
Purchasers are solely responsible for the choice, selection, and use of indie semiconductor
products and services described herein. indie semiconductor assumes no liability for the choice,
selection, application assistance or the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by indie semiconductor
by this document.

The materials, products and information are provided “as is” without warranty of any kind, whether
express, implied, statutory, or otherwise, including fitness for a particular purpose or use,
merchantability, performance, quality or non-infringement of any intellectual property right. Indie
semiconductor does not warrant the accuracy or completeness of the information, text, graphics or
other items contained herein. indie semiconductor shall not be liable for any damages, including
but not limited to any special, indirect, incidental, statutory, or consequential damages, including
without limitation, lost of revenues or lost profits that may result from the use of the materials or
information , whether or not the recipient of material has been advised of the possibility of such
damage.

Unless expressly approved in writing by two authorized indie semiconductor representatives, indie
semiconductor products are not designed, intended, warranted, or authorized for use as
components in military, space, or aircraft, in systems intended to support or sustain life, or for any
other application in which the failure or malfunction of the indie semiconductor product may result
in personal injury, death, or severe property or environmental damage.

Information in this document supersedes and replaces information previously supplied in any prior
versions of this document.

© 2015, indie semiconductor, all Rights Reserved
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