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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth

FEATURES

o 9 different amplifier modules available

e DC coupled

e Small signal bandwidths of more than 2GHz
available, model dependent

e Voltage gains from 14dB (x5) to 46dB (x200),

model dependent

Non-inverting closed loop OP-Amp design

Low and very low noise models

High output drive

Bandwidth limited (BWL) options available for

further improved noise performance

o Offset adjustment

APPLICATIONS

Pre-amps for ultra fast detectors (MCP, PMT, ...)
Oscilloscope and transient recorder pre-amps
High precision Time-of-Flight

Photon-/lon- counting

Wideband signal processing

DESCRIPTION

The pool of available AM8000 fast timing amplifiers
consists of 3 basic type families:

- low noise, high bandwidth AM81xx
- high bandwidth, high gain AM82xx
- very low noise AM83xx

Each AM83xx model
bandwidth limited (BWL) option
the noise floor.

is also available with a

which further reduces

A unique feature for such high speed amplifiers is the
DC coupling. DC coupling avoids count rate effects
due to non DC balanced pulse trains and the
corresponding charging of coupling capacitors.

SPECIFICATIONS

Power Requirements:

Connector: 2.54mm 4-pin header
Supply Voltage: +/- 5.0V
Supply Power:  1.8W

Absolute maximum ratings:

Supply: +/- 6V (100ms max.)

Signal input: +/- 1.8V, +/- 140mA

ESD rating: 2000V HBM, 200V MM

Input: SMA, 50 Ohm, DC coupled
Output: SMA, low impedance, DC coupled

50Q output option available
VOUT = +/- 1.3V max.
lout = +/- 150mA max.

Available Options:

e 50 Q output impedance

e BWL - bandwidth limited (AM83xx)
e Input/Output AC coupling

A

23,2 J3 = supply
Lzu,: 20,0 15,0—> |[Pin 1: -5V

2: GND
31 45V
4: GND
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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth

Amplifier Modules (AM8000) Overview

Family Type Nominal Nominal Small Signal 50 Ohm Output
Gain Gain Bandwidth (-3dB) Option:
IVIV] [dB] Small Signal
Bandwidth (-3dB)
©) 1) (0) (1)
Low Noise, High Bandwidth AM8101 5 14dB 2200MHz 2800MHz
AM8102 10 20dB 1700MHz 2100MHz
High Bandwidth, High Gain AM8201 20 26dB 2000MHz 2280MHz
AM8202 40 32dB 1700MHz 2000MHz
AM8203 80 38dB 1500MHz 1700MHz
Very Low Noise AM8301 BWL"™ 10 20dB 170MHz 200MHz
AM8301 10 20dB 710MHz 850MHz
AM8302 BWL©® 50 34dB 245MHz 245MHz
AM8302 50 34dB 1000MHz 1000MHz
AM8303 BWL® 100 40dB 245MHz 245MHz
AM8303 100 40dB 950MHz 990MHz
AM8304 BWL® 200 46dB 110MHz 110MHz
AM8304 200 46dB 400MHz 400MHz

AM8000 Comparison and Selection Chart

Type Nominal | Nominal Small Gain Peaking Noise Input Referred Input
Gain Gain Signal Flatness | (100ps Figure Broadband Noise Referred
[VIV] [dB] Band- Rise Time| (100MHz) (DC ... 12.5GHz) LF Noise
width Input (20Hz ...

(3dB) Pulse) 1MHz)

©) ) © ) 0 (2 (©XC) (4 ®6)

AM8101 5 14dB 2200MHz| 0.00dB 0% 16dB 123.0uV s ] 1.255mV, | 54UV ns
AM8 102 10 20dB 1700MHz| 0.00dB 0% 16dB 95.4uVims | 1.033mVp,] 4.1V ims
AM8301 10 20dB 710MHz] 0.00dB 6% 8dB 41.3uVims ] 0.802mV, | 3.3uV,ns
AM8301BWL® 10 20dB 170MHz| 0.00dB 0% 26.7uVims | 0.230mVpp| 2.1V ms
AM8201 20 26dB 2000MHz] 0.29dB 7% 17dB 135.10Vims | 1497mVp | 4.6WV s
AM8202 40 32dB 1700MHz| 0.32dB 7% 17dB 107.3uVms | 1.253mV, .| 3.3uV ms
AMB302 50 34dB 1000MHz| 0.22dB 9% 51.7uVims | 0615mV, | 1.0uV ms
AM8302 BWL® 50 34dB 245MHz] 0.00dB 0% 35.8uVims | 0.369mV, ;| 0.8uV,ps
AM8203 80 38dB 1500MHz| 0.36dB 7% 17dB 103.8uVms| 1.268mV, .| 3.8uV ms
AMB303 100 40dB 950MHz] 0.12dB 8% 48.3uVims 1 0.525mV, | 1.0uV,ns
AM8303BWL® 100 40dB 245MHz| 0.00dB 0% 30.7uVims | 0.340mV, | 0.9uV,ms
AM8304 200 46dB 400MHz| 0.00dB 0% 26.7uVims | 0423mVpp| 1.2uVims
AM8304 BWL® 200 46dB 110MHz| 0.00dB 0% 18.6UVims | 0.206mMV, | 1.1APV s

0) Simulation Results
1) Signal input: sine wave = 200mVeff / "nominal Gain"

2) Output Pulse Height approx. 200mVp-p, Input Rise Time 100ps

4) in 40 minutes accumulated with a 12.5GHz sampling head, ref. scope pictures of output noise voltages below

(
(
(
(3) defined as RMSA = ¢ = standard deviation, ref. scope pictures of output noise voltages below
(
(5) measured with a HP3455A True RMS Voltmeter, this is mostly the 1/f noise

(

6) BWL = Bandwidth limited option (with improved noise performance)
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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth

Simulated Voltage Gain
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Simulated Pulse Response
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(*) Signals are voltage shifted for better comparison

(**) Input signal to each amplifier is scaled according the gain
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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth

Pulse Response

In the following scope pictures you see the pulse response for negative output signals starting at 0V and falling
down to approximately —400mV. The input pulse amplitudes are selected according the gain of each amplifier.

e 0V to -400mV falling edge output

FFTmog DefTra
[ e e,
g I
P i
= s
! OUTPUT
» ;
W b e |
Rt Cursors FFTmog DefTra

-~
T .,
_df—H\hwﬂfF__‘w RN
op —15HmY [Mean 115.Bns Jufle 98.425% Top
Btm —15O0mY |RMS4 1.251ps |ux2e  98.425% -150mY
Lit 115.2ns PkPk Z20ps +30c 98.425% Bottom
Fat  117ns Hits 254  Wfms 16688 -15BmY
Color Grad| Standard RemovesClr
Scale Masks Trace 4
User Mask M2
Stopped Windaow

AM8101 (x5), Input 50mV/div, Output 100mV/div

FFTmog DefTra
A )

B B i S

/
i OuTPUT

L |
I i

Rt Cursors FFTmog DefTra

-y

\Mﬁ%’ﬁ-wﬂh—w i T ety

Mean 115.9ns [ufle EBB.Z293% Top
RMSA 4.661ps |utle 1HB% -150mY
FIPKk ZHps +3sc  1EB% Bottom
Hits 246 Wfms 16688 -15BmY
Mask Color Grad| Standard RemovesClr
is 5 Testing Scale Mas ks Trace 4
Color GradCount OfF User Mask M2
Stopped Windaow

AM8201 (x20), Input 10mV/div, Output 100mV/div

FFTmog DefTra
RS I prp—
/
T
T, A e
! OUTPUT
. |
P
Rt Cursors FFTmog DefTra
-——
e e SRS EEEE S
op —15HmY [Mean 115.Bns Jufle 93.469% Top
Btm —15O0mY |[RMS4A 2.473ps |ux2e  93.469% -150mY
Lit 115.4ns PkPk 20ps +30c  93.469% Bottom
Foat  117.2ns Hits 245  Wfms 16688 -15BmY
Mask Color Grad| Standard RemovesClr
i ] Testing Scale Mas ks Trace 4
Color GradCount OfF User Mask M2
Stopped Windaow

AM8102 (x10), Input 20mV/div, Output 100mV/div

FFTmog TefTra

R prawyer

! ouTPUT

[ 0T B S
Rt Cursors FFTmog DefTra
—-\,_—\___
m—
-~
T \hqﬂﬂhmmWW**ﬂﬂ‘
. L
op -—15@mY [Mean I1Gns +loc B9.H97% Top
Btm —15O0mY |[RMSA 6.217ps |ux2e  98.264% -150mY
Lit 115.4ns PkPk 4@ps +3sc  1EB% Bottom
Foat  117.2ns Hits 288 Wfms 16688 -15BmY
Mask Color Grad| Standard RemovesClr
i ] Testing Scale Mas ks Trace 4
Color GradCount OfF User Mask M2
Stopped Windaow

AM8202 (x40), Input 5mV/div, Output 100mV/div

MFAST ComTec GmbH

Griinwalder Weg 28a, 82041 Oberhaching, phone +49-(0)89-665180-0, FAX +49-(0)89-665180-40, http://www.fastcomtec.com

4 of 11



AMB8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth
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AMB8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth
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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth
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The lower window of each plot shows details of the corresponding signals in the upper window. There is also a
(red colored) histogram of the output signal jitter at a -120mV or —150mV threshold. The jitter's Peak-to-Peak
value is visible at "PkPk" and its standard deviation in the "RMSA" readout.
This jitter histogram gives a good indication of the timing accuracy and resolution that can be expected.

And, one can very well see that the optimum threshold setting for timing measurements is often not at half of
the signal's amplitude but at some other level not too far from idle voltage where the slew rate is at maximum.

NOTE: The timescale for the lower windows (detail view) is generally 500ps/div and 1ns/div for the BWL (band-

width limited) options.
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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth

Noise Voltage

First, let me give a short introduction on the common noise specifications of amplifiers and their specific
meaning. Generally, random noise voltages add algebraically. In other words, you can only add noise power or
the square of the noise voltages. The noise voltages of an amplifier can be visualized over frequency in a noise
density distribution curve expressed in "Volts per root Hertz" (V//Hz ). This is typically flat over many decades
of frequency and often increasing for low frequencies (typ. <100kHz...1MHz) at an 1/f rate. The total noise
power is determined by squaring this noise density curve and integrating it over the used frequency range.
Metaphorically speaking, it is the area below the V?/Hz density curve. Important is, that the 1/f noise can be
safely neglected when the amplifier bandwidth is high compared to the 1/f corner. Thus, ac-coupling with a low
frequency cut-off below 1MHz will not improve the total noise.

Most often, noise is given input referred. This means, the noise voltage at the output is divided by the amplifier
gain. Thus, it is looked at like a noise source at the input of a noise free amplifier.

In datasheets you often find a "total input referred noise density" value at a given frequency (e.g. AM8102:
2.5nV/JH: at 1MHz).

Then, there is a "total low frequency noise" (e.g. AM8102: 2.5uV,,s in a 20Hz...1MHz bandwidth). This is
mostly a measure for the 1/f noise.

"NOISE FIGURE", NF is the logarithm ratio of the output and input signal-to-noise ratios at a given frequency
(e.g. AM8202: NF = 16dB at 100MHz). So, it is a measure on how the signal-to-noise power ratio is worsened
by the amplifier or how much noise power is added by the amplifier itself. Note that it is very much dependent
on source resistance.

A good introduction to noise specs is "Noise Specs Confusing?", National Semiconductor application note
AN104, available for download at the website of National Semiconductor.

AM8202

/ AM8203 AMS101
I/ AM8201
AM8102

4

)

AM8303 BWL

AM8302 BWL
AM8304
AM8301

~] AM8303
AMS.

AM8304 BWL/@
AM8301 BWL

o0
uuuuuuuuuuu

Simulation Results of Input referred Voltage Noise Density of AMSXHmpIiﬁer Modules
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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth

e Max. Output Noise Voltage

Normally the noise is given input referred, so to speak, it can be compared to the source signal levels. For
timing applications it is often more depicting to plot the total output noise of an ampilifier.
In the following scope pictures the output noise voltage of our AM8000 amplifiers is accumulated over 10,000
waveforms corresponding to about 40 minutes of measurement time. Used was a TEK11801B digital sampling
scope with a 12.5GHz sampling head. Thus, the displayed noise voltage is accumulated over a long period and
also over the full bandwidth of each amplifier. The AM8000's inputs were shortened, i.e. Zsyyce = 0Q.
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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth

-~ Cursors Mindow FFTmog DefTral
108m
2amy
[ divy,
»
of
Inots
erigd
>
%
- 1080
ns 18ns/diy 125ns
[Top  10@mv  [Mean 1.G@EmV [Ele 71.093% [IHAvERarm.N
Bim  -108mv [RMSA 5.364mV [1t2s 96.275% 16080
Lft  25ns PKkPk B4.8my |s#30 99.726% [NINEUEEormIN
Rot 125nc it 5.A1F6 lfms 16mR@ 1A0a9
Mask [color Grad Standard Remove/Clr
Testing cale asks Trace
Color GradCount Off User Mask [H
Stopped Main
AM8304 (x200), 20mV/div
-~ Cursars Mindow FFTmog DefTral

108m

2amy
[ div

Inots
erigd
>

- 1080

ns 1@ns/div 125ns
[Top  108mv _ [Mean 958.3aV ile 76.060% Navefonm N
Bim  -108my [RMSA 3.894mV [st2s  95.981% 16080
Lft  25ns PPk 34.4my |»#30 99.781% |IHEUEFarmIN
ot 125nc it 5.01FE6 [fms 1@AER 1A0a9
Mask [color Grad Standard [Remave/Clr
Testing cale asks Trace
Color GradCount Off User Mask [H
Stopped Main

AM8303 BWL (x100), 20mV/div

-~ Cursars Mindow FFTmog DefTral
18ny
2nv
[ div
»
Inots
erigd
>
%
- 10m
25ns 1@ns/div 125ns
Top  10mV Mean 25.694V [eile  72.616% [IHAVERGRm.N
Btm  -18mY  RMSA 474uV 420 96.523% 19869
Lft  25ns PPk 5.76my |»t3c 99.797% |IIHEUEFarmIN
ot 125nc it 5.81FE6 [ifms 1@AAR 1A0a9
Mask [color Grad Standard [Remave/Clr
Testing cale asks Trace
Color GradCount Off User Mask [H
Stopped Main

AM8301 BWL (x10), 5SmV/div

- Cursors Window FFTmag DefTra
108m’
20mY
JW
nott
trig’d
f
;
- 10@m’
ns 1@ns/div 125ns
[Top  10EmYV Mean 283.84V [«tlec 76.758% Waveform N
[Btm -1@8@mY RMSA 3.736mV |20 95.836% 1naaa
Lft 25ns 41.6mY +3s  99.797% Waveform N
[Rat  125ns Hits 5.81E6 [Wfms 1Aa6868 1na0a
Mask [Color Grad] Standard Remove/Clr]|
Testing cale asks Trace
[Color GradCount Off Hser Mask M2
Stopped Main

AM8304 BWL (x200), 20mV/div

-~ Cursars Mindow FFTmog

DefTral

Samy

1@ns/div

125ns

RMSA 1.832mV
PKkPk 13.2mY

420 96.998%

Mean 376.4aV eile  72.542% [IHAVERGRm.N
430 99.776% |IIHEUEFarmIN

Rat 125ns  Hits 5.@1F6 [fms _1@AER 1A0a9
Mask [color Grad Standard [Remave/Clr
Testing Scale Masks Trace 1
Color GradCount Off User Mask [H
Stopped

Main

AM8302 BWL (x50), 10mV/div

On the right side of each plot you can see a (red colored) histogram of all the voltage samples in the respective
picture. This gives the probability distribution of the noise voltage levels. And, you can find some analysis data
of the respective voltage distribution: Mean = average value, RMSA = ¢ = standard deviation, PkPk = Peak-to-
Peak voltage = max. — min. sample voltage, § * 10 = percentage of samples that fall within +1 standard
deviation of the mean (.20, +30 respectively).
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AM8000 Family of Fast Pulse / Timing Amplifier Modules
DC coupled, low noise, high bandwidth

Simplified Circuit Diagrams

e AMS8101, 8102:

1K
+2V -2V
10K
§|_+. + 0/50
950 _ _Dﬁ
R 9R
e AM8201, 8202, 8203:
O +
_.+. 950 0/50 E
R NxR

R MxR

e AMS8301:

0/50 ?

o AMS8302, 8303, 8304:

0/50

R MxR

WARNING: The amplifiers have no thermal shutdown. Thus, be careful when connecting the output to loads
less than 50 Ohms (do not shorten the output!).
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