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A new analogue high-precision peak detector is presented. Owing to

its very low power consumption the circuit is particularly well suited

for photon energy detection in multichannel receiver integrated

circuits used in nuclear medicine.

Introduction: Electronic signal detection and processing of X-ray

images is gaining widespread acceptance owing to its inherent benefits

of data storage and transmission in a digital format as opposed to

conventional X-ray film [1]. One of the critical issues in signal processing

is an accurate readout of signal amplitude that corresponds directly to

photon energy [2]. A block diagram of a typical photon energy detection

circuit used in a multichannel ASIC receiver is shown in Fig. 1. The peak

detector (PD) is one of the critical blocks in this system as accurate X-ray

photon energy is determined by the detected peak amplitude. Standard

PDs may be sampled or asynchronous solutions. Sampled PDs are more

precise but suffer from high circuit complexity and dissipate high power

[3, 4]. Asynchronous PDs have simpler structure but suffer from lower

output precision [5, 6]. The sampled PD proposed in this Letter is very

precise and offers very low power dissipation. The proposed solution, as

opposed to [6], has simple structure, where the delay line has only two

memory elements. The gate-to-source capacitors (CGS) are used as a

short-term analogue memory, resulting in very small overall chip area in

comparison to other sampled and asynchronous solutions.

Fig. 1 Photon energy detection circuit used in multichannel ASIC receiver

Fig. 2 Proposed peak detector

a Latching circuitry with switched current circular delay line and rotator switch
b Sample and hold voltage-mode circuitry
c Flag generation circuitry

Proposed peak detector: The proposed PD, which uses a novel

current-mode latching mechanism and flag generation circuitry, is

shown in Fig. 2. The primary function of the receiver circuit is to

detect and amplify asynchronous pulses coming from the X-ray

radiation sensor. The PD task is to catch the peaks of these pulses

and to set an output flag (FL) requesting the receiver system to read

out these peaks. The range of input pulse widths where the pulse is

correctly captured depends on the frequency of the controlling clock

signal fclk and can be easily scaled up and down. For example, for the

designed application of X-ray count rate of one million counts per 64-

channel chip the desired fclk is about 10 MHz and the impulse range

can vary between 1 and 2 ms. The input pulse width is in turn
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controlled by a pulse signal filter (see Fig. 1) prior to signal detection

[5]. One of advantages of the proposed circuit is that the two-phase

clock signal does not need to be very precise in terms of its frequency

stability as fclk can vary even by 10% (for example, owing to

temperature changes). As a result the clock generator can be fully

integrated in the chip, without requiring an external stabilising quartz.

The proposed latching mechanism works as follows. The input

voltage signal after conversion to current is subsequently sampled by

a rotating delay line. The configuration of switches in the circuit shown

in Fig. 2a causes the recent samples stored in the delay line to be copied

to a comparator as a positive value through a PMOS-type current

mirror, while the samples stored previously are copied to the compara-

tor as a negative value, using the NMOS type current mirror. The

comparator is realised using parasitic CGS capacitances in the inverter.

The important feature in the proposed solution is that the negative

samples are strengthened by an additional current Ilevel, which may

remain constant or be automatically adjusted during circuit operation,

and can be treated as a parameter that controls timing precision and

power of the latching mechanism. For all input samples the following

relationship for comparator current IC is always true:

ICðnÞ ¼ IinðnÞ � Iinðn� 1Þ � Ilevel ð1Þ

When the input signal is rising, the sample stored most recently is

always larger than the previous one. Now, if the difference between both

samples is larger than Ilevel, then the current IC is positive, causing the

comparator output Vout2 to be a logical 1. Logical 1 to 0 transfer at the

comparator output is expected when the peak of the input signal has

been reached and the input signal starts to fall. When the input signal

varies in a small range (some input noise is to be expected), IC is also

negative and the comparator output Vout2 is also at logical 0 assuming

that the Ilevel current is selected to be higher than the noise level.

Current Ilevel protects the comparator against accidental switching over

and losing the information stored in the sample and hold (S=H) element,

when the input signal is noisy. This functionality can be expressed as:

Vout2 ¼ 1 for IinðnÞ � Iinðn� 1Þ > Ilevel ð2aÞ

Vout2 ¼ 0 for IinðnÞ � Iinðn� 1Þ < Ilevel ð2bÞ

Transistors sizes in the main circuit shown in Fig. 2a have been chosen

as follows: MN1–MN4: 4=0.18 mm, MN5–MN8: 4=1 mm, MP1–MP4:

4=1 mm. The comparison voltage Vc is applied to the inverter input that

serves as a comparator. The non-ideal behaviour of this element has no

performance impact in the discussed application as the internal voltage

crosses the Vc level rather quickly. In more elaborate implementation a

true comparator with hysteresis can be used.

Two additional circuits interface with the latching mechanism. The

first is a voltage S=H circuit, shown in Fig. 2b, which is controlled by

the comparator outputs Vout1 and Vout2. The second circuit used to

generate a flag is shown in Fig. 2c. Parasitic capacitance at the node p2
serves as a storage capacitor. The voltage at this point is a delayed copy

of the output signal Vout2. When Vout2 changes from logical 1 to logical

0 the switch will open, before the voltage at p2 point flips from 1 to 0.

As a result during the rising edge the voltage at p2 tracks the output of

the comparator, latching its value only when Vout2 changes from 1 to 0.

Signal p2 cannot be used directly as a flag as its value is already 1

during the rising edge of the signal. The real flag (FL) is set to 1 when

Vout2 changes from 1 to 0.

The current mode S=H elements used in the delay line are not very

precise circuits owing to charge injection effects. In the proposed

latching mechanism these effects are of no consequence. This advan-

tage results from the fact that the current IC is equal to the difference

between the samples stored in this two-element delay line. Conse-

quently, even if charge injection is high (represented by the effective

injection current IE), the final expression for IC does not contain the IE
term as indicated by

ICðnÞ ¼ IinðnÞ þ IE � Iinðn� 1Þ � IE � Ilevel ð3Þ

To illustrate operation of the proposed circuitry, timing waveforms are

shown in Fig. 3. A pulse width of 1 ms is used and fclk¼ 10 MHz. The

Ilevel causes the comparator to starting latching at the end of the rising

edge, not after the peak value has been already passed, as in the

solutions presented in [5] and [6]. In addition, the latching mechanism

is very fast allowing the system to store the peak value very close to its

real maximum. As a result the accuracy of the proposed peak detector is
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very high, in particularly for quickly changing signals, better than 0.7%

for a wide range of the input signal, as shown in Fig. 4. For higher input

signal amplitudes accuracy is better than 0.25%. The circuit is capable

of measuring peak amplitudes from 0.2 to 0.99 V (for a power supply

VDD of 1 V).

Fig. 3 Operation of peak detector (top) and flag generation circuitry
(bottom) for pulse signal amplitude of 0.75 V and 1 ms pulse width

Fig. 4 Peak detector accuracy (%) against input amplitude

Conclusions: A high-precision peak detector for a medical imaging

readout ASIC has been presented. The proposed circuit is based on a

current-mode sampled latching mechanism and is very flexible in

offering implementation trade-offs between power dissipation,

achieved precision and expected input pulse widths. Adjustments of

the clock frequency and the Ilevel reference current enable control of

the input signal frequency in a wide range. For a power supply of

VDD¼ 1 V, the circuit uses an average energy of 20 pJ per one impulse

and is 2.5 times better than the solution presented in [4], where energy

per pixel is more than 50 pJ.
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