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|. Introduction: Cherenkov telescopes

Ailr shower




l. Introduction: the Cherenkov Telescope Array (CTA) observatory
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l. Introduction: the Cherenkov Telescope Array (CTA) observatory

« How CTA aims to extend energy range and increase sensitivity?
« Large array (>1 km?2)of Cherenkov telescopes (50-100)
 Different sizes: dish from 6 to 24 m

. Camera and electronics must be optimized in terms of

-------
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|. Introduction: the camera

i

« Front end electronics: P B 0D JiiEes W ol B HESS
_ PR I AN 4 >< =g cluster
. Pixel: fast phototosenrors R ) -7 (o i
. ] Ol \ "o N\ | SV control cable g
. High QE PMTs // SiPM QY A )X 5t5e converfé"'r‘,}. -
. Modularity: cluster of 7/8 pixels Wy 0 divide "
« Front end electronics in the camera
. Digitization & trigger
. High BW (>300 MHz):
 Huge dynamic range: 16 bits . Night Sky Background:
. Signals up to 6 Kphe . Up to 100 MHz
. Single phe resolution for calibration: - Minimize integration time
. Series noise < 3 nV/VHz T
_ Dual gain (12 bit) channels = MWWW&Q?%WMW
Gain 20 (25 dB) Front end electronics % 2_
BW > 300 MHz\r/,__\ E 4
Lneart < 1 (y 1—‘/ >—ﬁ\ igitization | Read_oug SF Waveforms :
l_ | Y ’ | \ _ ! > -8 — night sky ba-ckground
Photo \ \\ngh gain/ E . anal
| Sensor ‘ | ~ e - -10:_ shower signa
Preamplifier ‘ o | Read-out c g . g
I . | Digitization —— 7 Az Simulation (S. Vorobiov)
Low gai " 920 -900 -880 -860 -840 -320 -800 -780 -760

time [ns]



|. Introduction: readout electronics

 Analogue memory + slow digitization
. Sample and hold in a capacitor array
. High speed: up to 3 6S/s (> 300 MHz analogue BW)

. Slow digitization for selected events
. Tr‘igger‘ SYSTem Stop laten

. Custom ASICs developed in the community

\ Nf cell read
“ //
. Domino Ring Sampler (DRS) by PSI

° For' CTAo DRAGON pOJeCT Pulse shaping

Read offset
= Depth - Nd

stop write

Trigger

. Sampling Analogue Memory (SAM) by Irfu Egz % J/ bm:%}?:::s
. For CTA: NECTAr project | | heokn! DZ\-
. Flash ADCs N s E I s RN
. Commercial component wip L R
. Limited to 500 MS/s NSNSl I AN 5 N
. High Cost and power consumption > XTL:[S{ aakl SELP{D_\_
« For CTA: FlashCam collaboration ﬁf;j' mfrl mfrl m@ ﬁlwpgm

: L L
« No trigger needed Reference shitregister
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l. Introduction: NECTAr (irfu/Saclay, LPNHE, LPTA and ICC-UB) %/3

. From HESS chip (SAM: only analogue memory) to a single chip integrating full
acquisition channel:
« NECTAr chip: COST & RELIABILITY

Chip 1 = full integrated acquisition
channel

Slow Ceontrol interface

SCA + ADC Controller RO Controller
i £ T T
et 1 l
SAM g High
. . | Digital) | speed
= o | (extended to ADC FIFO Sp #
g | 1\2048 cells 7) Ivds
\ serializer
e

E. Delagnes

Input signal amplif. (2 gains),
Analog memory (depth adapted
to CTA trigger latency)

ADC Wilky (already exists),
FIFO

Sérializer ~300Mb/s.

||||||||||

Chip 2: Integrated local trigger:
- 8 or 16 fast comparators.
-Coincidences in <1 ns
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l. Introduction: NECTAr (irfu/Saclay, LPNHE, LPTA and ICC-UB) %/3

. From HESS chip (SAM: only analogue memory) to a single chip integrating full
acquisition channel:

Accuracy 1-3 % Chip 1 = full integrated acquisition
channel
Slow Control interface
Output range 1.5to0 2 Vpp ? SC;A+A1)C Contnl)ller Rl() Controller

TUGAM. L High
> ot Apc PRl gheed
A7 T FIFO =
\

Temp_ Coeﬁ:. < 0-05 %/K b— | [\2048 cclls ?) lvds

4L L L C‘I‘l- 3

Slew rate 1500 V/us Input signal amplif. (2 gains),

‘Series noise <3 nViHz - Analog memory (depth adaptec

to CTA trigger latency)

Fu”y SISVl - ADC Wilky (already exists),
- FIFO
AMS CMOS 0.35 um - Sérializer ~300Mb/s.

« SAM technology
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Il. The circuit: classical topologies for linear voltage amplifiers

« Global feedback e Bipolar styli“open loop”

o] >

V, 4
= Good linearity Dtz b2 (D
= OpAmp with GBW > 8 GHz !! il

= Reported: <1 GHz in 0.35 um = Limited linearity
= Very difficult even with VDSM Dynamic of 2 V impossible @ 3.3 V
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Il. The circuit: new approach

o Dedicated CMOS topologies

e Local feedback

= Linearized HF CMOS transconductor
= Used in continous time filters (GmC Filters)

= Large swing | to V conversion

\\\\

O . . .
> Linearized Large swing | to V
Transconducor conversion
Reia  Rew
@) lviasta’2  lbiasto/2 CD —_

1




1. The circuit; HF transconductors

o Classical solution with global feedback looks impossible
= Max. OpAmp GBW 500 MHz to 1 GHz (need > 5GHz)

o HF transconductors with linearisation by local feedback

Dif. Pair Wlth 1000 _ Limited range
degeneration

XC with offset

Wang-Guggenbuhl High consumption

"
~
*
‘%

Adaptative
Nedungadi-
Viswanathan

Small Small linear range even for
range = ' high bias current

13



ll. The circuit: bias-offset cross coupled differential pair | ==

o Completely linear |l 5 =KV, V. | K = o1C

First order: | 3 vV
. . _ : \/ | < [hias _Zy\/2 b
 Linear using square law MOS: saturation —> | in| "V K a5
Tuneable gain

e Second order effects on linearity

Channel length modulation —— Control V¢ variations: next slides
Mismatch —> Large WL and common centroid
Mobility reduction —— Scaling M1-4 vs M2-3 (for a given G,

Body effect ——— Cannot use PMOS (large K needed)

GBW & Noise
G, = KV, >5mS

ViH %{Kl—{ﬂjFﬂ viL e L = minimal (0.35 um)

*Maximize GBW
SRY, *\Vds must be stable!
b * W about 150 um

*GBW and noise
e eSaturation

14



Il. The circuit: floating voltage source

« A floating voltage source is needed (Vb)

o Bias voltage is offset in Vgs of two matched PMOS
= Offset by different drain currents: Ib (fixed) vs Icf (control)

e In closed loop (hegative feedback) to decrease r,, of Vb

= Must be independent of M2/M3 (I4,5) drain current
= Vgs of MP3 increases if Id23 increases
= Error amplifier changes VfbB to stabilize Vb

or we T oL

j il el e == | I N e

< Vb- o

15



Il. The circuit: folded regulated cascode common gate

e Regulated cascode

= Folded: large voltage swing
= Low input impedance

- BW
— Linearity
» Channel length modulation in input pair

M8

Rr

< 1.5 KQ
4 -6 mA Linearity

T

B —

d) 2/3lpias

T

VoL o]

Rc

ViH

i

'V”F{W M3WM4

Ov,

— 1

1

T

viL | o Ve

Re

@ Ibias
<

M6

Rr

16
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I1I. First prototype: ACTA chip

. First prototype (ACTA chip)  [iEew
Submitted: July 20" 2009
Received: October 26"

. Voltage buffer

= Source follower

Linearized
Transconducor conversion

|~

« Gain tunable from 5 to 20

Large swing I to V

Voltage buffer

e LineamaliEe e — |
_;lglglgiglglgiglgig!g_
T —HHHHHHHEHES

IS T ITIITX PeeS

Results of the first prototype

Gain

25

20

15

10

5

0

/
/
/
0 100 200

Floating supply control current [uA]

300

18




I1I. First prototype: ACTA chip

sth App MyScope Utiiies Help Button

« Working
* No ringing
e« Gain: 510 20
e Fast input pulse
* Rise: 300 ps
e Qutput pulse
e Rise time:
 Small signal (< 1V)
e 550ps
* High signal (> 1V)
e 1.2ns

19

1 App MyScope  Ufites Help  Button
45

06 Nov 09 12:30:23



Residue [mV]

I1l. ACTA chip: linearity

20

e Galin: 2000
e Tunnable 1800
: 1600
e Linear range
1400
e About1.4V
S 1200
E
g 1000
30 %
> 800
4
o
20 1% error (F.S.) S 600
_________________________ =
10 _ 8 400
.l. '.. "an
- . 200
0 ML . [ ] [ ] | ]
. 0
-10 [ = 0
-20 -
-30
0 200 400 600 800 1000 1200 1400 1600 1800

Output peak voltage [mV]

Gain: 20 -
m =" ol
I. . - .
.l
l..
s
-
I..
50 100 150 200

Input peak voltage [mV]



Ill. ACTA chip: frequency response

. Cut-off (3dB)
. About 300 MHz
. Non-linearity
« For V >1 Vpp
. C, aboout 5pF
. <1 pF when
driving on-chip
analogue memory
input buffers

21

Gain [dB]

Gain for different Peak ot Peak VoD (GmVb@ACTAY —

—=—150mV
30.00 ——300mV B
' ——600mV
=1V
25,00 —~—15V
20,00 -
15,00 -
10,00 -
5,00
0,00 \

10,00

100,00 1000,00
Frequency [MHz]
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I\VV. Second prototype: ACTA3

« Closed loop buffer to replace source » Closed loop buffer: Miller OpAmp
followers » Double current boost of output nMOS

= Better linearity "Linear boost

»Class B with nonlinear ctrl: off @ small signal
» X6 boost with 750 uA (DC) total bias current

= Lower power consumption: class AB amplifier
= Good slew rate with low quiescent current !

= New version of a SAM OpAmp
» Developed in collaboration with Irfu/Saclay

« Series resistor at the output (Rd) for C,
pole compensation

=Limits BW

724 Phasehargin L

Lo T

§oece

GBW > 400 MHz

° PM > 60 deg

” SR>15V/ns @5 pF
Power < 3mW

B2
GO0 FETTL

=

1/10 of
the bias
le (E-E)125 150 175 w0 ——P Curre nt




V. ACTAS3: 4 configurations

. Same gain block as in ACTA . As GmBODS but the amplifier (Ry;) adjusted to drive
. Not tested, only to "debug” a smaller C, (analogue memory input)
l_ - ) =/ =/
GmBS GmBO1 [ |
- NN~
>W >
* Rat| |
Already in ) - LAAA— |
ACTA AN Rd2
+ Rd Rd1 300 Q for 1 pF (aprox) + Rd1 | _ |
Rd for compensation New buffer Rd2 84 ( for 4-5 pF (aprox) New buffer Emulation of the}fNECTArO
84 Q for 4-5 pF (aprox) (same OpAmp NECTAr0) (same OpAmp NECTAr0) | nputbuffer

. As 6GmBb5 but gain stage is modified to . As 6GmBO1 but buffer replaced by diff. amp:
generate the DC offset r-equir-ed by ADC « Subtract common mode signals (CMRR, PSRR)

—r— == = —
GmBO5 1
GmBOs |

| - |

+ + Rd2
Load vr\\:i?r?:!geulated inear Resitive Rd 1 | |

cascode input ransconducor Load with regulated
+ cascode input
'set circui | |
N + Rd2 |
Rd for compensation b Rd1 300 Q for 1 pF (aprox) Rd1 o ot the NECTA |
- ew butter Rd2 84 Q for 4-5 pF (aprox mulation ot tne r
84 Q for 4-5 pF (aprox) (same OpAmp NECTAr0) PF (prox) input buffer

Differemtial amplifier -



V. ACTAS: 4 configurations

CMOS 0.35um

AMS 3 mm?
Submitted: April 2010
Received: end July 2010

_:F ]

Produced in Irfu/Saclay
engineering run with

first prototype of the
analogue memory chip
for CTA: NETCArO

25
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V. ACTAS: pulse shape

e Good uniformity between small and large signal

10.0mV Q

c2 150mV  Q s i
- IE 100mv @  Ps IE 20.0mV Q
I3 150mv Q Ds I 3=00mV QO

5.0ns

45.0mV  [[1:45.22534m  |mi23.25m [Mi47.25m [6:2.881m 696.0mV [i702.97123m m:648.0m |M:756.0m [6i12.94r | I[#H Ampl 1.848Y :1.8331286 |[m:1.608 |M:i1.872 [5:17.06m
[[C2 I3

1.55ns  [4i1.6045158n |mi1.022n [M:i1.812n [6:92.13p 1.548ns [11:1.5609944n m:1.376n |Mi1.749n [6:63.24p Rise 1.838ns ui1.8700861n m:1.645n M:2.013n 6:34.74p
3.721ns [@i3.6720203n mi2.987n |Mi4.316n 6i229.1p 4.18ns  |:3.9165902n m:3.283n M:i4.57n [6:237.2p | [I[s@E Fall 3.88ns  |i3.9535678n mi3.4n 623n [G:169.6p
697.9ps [[1:987.43448p m:257.0p [M:i1.847n [6:310.0p 1.273ns |u:1.3777683n |m:817.8p M:1.871n [¢:183.1p | I[efllRise* 1.494ns [1i1.5383589n m:906.9p M:1.776n [6:74.81p




V. ACTAS: pulse shape

e Good uniformity between small and large signal

2,4
2,2 A
2 _|
)
£.18 -
D)
£
Q
ol 6 T——
@
——GmO5
1,4 -=-GmBO1
—+— GmBOs1
1,2
1 I I I I
0 500 1000 1500 2000 2500

VoD [mV]



V. ACTAS3: frequency response

* Negligible non-linearity

linearity performance for
Vop <2 Vpp

BW bit smaller than
expected (300 MHz) :
= 250 MHz
= BW given by R;-C,
= Underestimation of C ?
= Process variation of R,?

28

Gain [dB]

30,00

Gain for different Peak to Peak VoD (GmBO5)

25,00 A

20,00

| -+ 600 mVpp
| -=1Vpp
i ——1.5 Vpp

—=—150 mVpp
—— 300 mVpp

2 Vpp

=
o
o
o

10,00

5,00

0,00

10,00

100,00
Frequency [MHz]

1000,00




V. ACTAS3: frequency response

« BW of GmBOL1 is even larger
= Additional buffer |
. 300 MHz BW for ACTA3 +
NECTARQO input buffer

= Need a very careful Rd tuning
= BW vs stability

= Environment more controlled
= Same die
= Postlayout simulation

GmBO1

| Rd2

Rd2

Rd1 300 Qfor 1 pF (aprox) Rd1 | i
Rd2 84 Q for 4-5 pF (aprox) New buff Emulation of the NECTAr0

(same OpAmp NECTA0) input buffer 1

29

30,00

GmBO5 vs GmBO1 (600 mVpp)

25,00 ~

20,00 ~

—a—BO5

15,00

Gain [dB]

10,00

5,00

0,00

10,00

100,00
Frequency [MHZ]

1000,00




V. ACTAS: linearity

e Good linearity performance (< 1% for > 1 Vpp, < 5% up to 2 Vpp)
« Trade-off between linearity and power consumption

Relative charge error for different transconductor tail current

50
40
20 mW
3,0
25 mW

g 2,0
o 1,0
5 30 mW
3 00
()
>
E -1,0
(]
X 20

_3’0 -6 mA

—a— 4.8 mA
-4,0 —a— 3.6 MA
-5,0
0,0 0,5 1,0 15 2,0

Vout [Vpp]



V. ACTAS: Offset generation: GmBQO5

. DC offset is controlled by the current "Ibof"

VoD [V]

i ——VoH 10u —— 50u
VoD as function of Ibof VoL & VoH as function of Ibof ——99u ——149u
—197u ——249u
3040 —366u
2,5 398u  —462u
—10u ——VolL 10u ——50u
—50u /m ——99u ——149
A ——197u  ——249u
0,4 —99u \ //—’__— —304u  ——366U
——149u 2 e 3980  ——462u
—197u \ T
—249u /\
0.1 ——304u / = 15 \ /"
— 366U %
398u /\ >
o3
0.6 ——462u
NN 8
>
1.1 0,5
-1,6 T T T T 0

OE+0 1E-8 2E-8 3E-8 4E-8 5E-8 0E+0 1E-8 2E-8 3E-8 4E-8 5E-8




V. ACTAS: Offset generation: transfer function

Voffset (mV)

. Similar behaviour for GmBO1 and GmBOs1

-200

-400

-600

-800

-1000

-1200

-1400

-1600

100

Voffset vs. Ibof

200

Ibof (UA)

300

400

500

32
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V. ACTAS: temperature compensation

Controlling temperature dependence of the gain
= Transconductor TC is about -0.2%/C

= Compensated by adjusting the TC of the current (Icf) controlling floating voltage

source
= Final TC = -0.05 %/C (1% for 20 C variation in one night)

Band gap current reference (Ib) with TC ~ + 180 ppm/C

20

19 4

18 4

17

16 -

15

Pulse Gain

-0.06%/C

-0.24%I/C

—&—No compensation

—&- Compensation

0 10

20

30

40
Temperature [C]

50

60

70

80

Icf [uA]

200 ~
190 ~
180 A
170 ~
160 -
150 A

140 A

130

120

110 A

100

——|cf

—=—|p

10

20

30

40

Temperature [C]

50

60

70

80

33

111

- 110

+ 109

- 108

- 107

- 106

105

Ib [uA]



V. ACTA3: noise

 Channel thermal noise of the input differential pair dominates
= Wideband amplifier: 1/f noise not relevant: use NMOS

= Cross-coupling degrades noise performance: g, subtraction

« For input referred series noise < 3 nV/VHz

= Gm >5mS : large K (W) and/or bias offset Vb

= Tradeoff between noise and large signal handling

Noise increases with differential pair bias current

o
= lef="80u", VR It="101 20" VRING — [f="112 507 YMING = =123, FurWNINGE — Icf="13507 YIING Ief="146 3u" VHING — Ic="157 Su"VNING  Ict="168 80" VRING
ef= 100" WRING
1074
10°
m'{i
BB
= =
5
._“_?
107
107 =
r
10 : ; : - . .
! 102 10 11t 105 108 107 108 109

34

Noise [mV rms]

=
[V

:

o
0

o
o

o
~

3500

4500

5500
Ibias [uA]

6500

7500
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V. ACTAS: single photoelectron response

e Single photoelectron response at PM nominal gain (2-10°)
— With R5900 PM, not optimal for SPE resolution
— To be done with PM developed for CTA

| ACTA3 BO5 HV570V 2CH Laser | Statistics

Entries 72000

- Mean 3.685e-11

160 — RMS 1.544e-10

- 2 [ ndf 300.6 / 149

140 — N, 5915+ 29.1

- H, -4.369e-13 + 2.227e-13

120 oy 5.539e-11+ 1.720e-13

- N, 120+ 2.1

100 — H, 4.129e-10 + 4.435e-12

E - -2.501e-10 + 3.205e-12
2 80—
60—
40 —
20—

0 \_ | | | | | | | | | | | | | | | | | ‘ | | | ‘ | | | ‘ | | | [ | 1 | - ;—ﬂ‘—'—‘ ><1 0-9

-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4
Volts Second
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V. Summary

o Alternative architecture for wideband pulse amplifiers
= Gainupto 20
= Bandwidth .
GBW > 6 GHz In

= >400 MHz for C_ <1 pF ‘ 0.35um CMOS

= >300 MHz for C, < 5 pF technology
= Linearity < 1% for 1Vpp and < 3% for 2 Vpp
= For fast “closed loop” amplifiers, linearity is usually limited by slew rate

 Intrinsic BW of the core amplifier (without buffer) > 600 MHz
= BW > 1 GHz in 130 nm technology ?

e Highly tunnable
= Gain
= DC offset : ADC interface
= Linearity vs power

37
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Linear amplifier: diff. pair with degeneration

39

e Three stages:

— HF transconductor: source degenerated MOS diff. pair: V to I

— Cascoded common gate amplifier: I to V

— Source follower: low impedance driver (up to 3pF cap. load)
o Post-layout simulation: 5 GHz GBW and 3% lin error (VoD 1.7 V)

veeb

Veos

NR1p WP 14 MP15 P4
veeh o LT S veeh “rmodp™ voe rmod
b ._I vc:uﬁ’:p v::bﬂ:p wech npclﬁﬁ voe P
HP2a_1
c My, Yokt 'eH I na{ 66
voe

MP1d_

. " vded
m"c’&mis%.u!&&sd_.
fd_ 1
g a1 Rfd

TU_Z
% p vor-4ii
2 Yp3d_1
HzH neldg1 ne

MN15

nelGEqy s
]quI_‘
ng

M Pz_y

e
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Results: linear amplifier: degenerated transconductor

® Workl ng File Edit Wert Horzfscq Trig Display Cursor Meas Mask Math App MyScope Utlities Help Button

App MyScope Ufliies Help Button 06 Mov 09 12:39:44

Rec-Length

* Blue: input

e Yellow: output

* No ringing | T | | | _ |
+ Fastinput pulse  [|[SEES Y SER WRERTER RN S | S S
« Output pulse SEN N B S LR DO T () | DU VSR

« Rise time: - S, SN ' | ' | '

 Small signal (< 1V)
©OTAPS R ey v oY

l 100mV  Q [il Rise “ g
& ooy e 578 Rise 307.7ps
. 12 ns ol Ampl 40.8mV

500

C2 iyl



Preliminary results: linear amplifier: degenerated transconductor

e Galin
 About 13,5
« Slightly tunnable
i >
 Linear range E
e Aboutl5V

Output peak voltage

1800

1600

1400

1200

1000

800

600

400

200

0

50

100
Input peak voltage [mV]

150

200
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I1l. First prototype: test set-up

e Two test cards

e General charact
« Fast pulse generation
» Bias current though stable ref

e S-parameter
* Minimal components
e Acquisition
e Scope:
e 1.7 GHz
« 20GS/s

e Probe: diff. 4 GHz

e Test just started
e <1week

BiES

42
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|. Introduction: ACTA3

» Second prototype (ACTA3)

— Better linearity

— Low power output driver:

— Class AB amplifier
— New version of a SAM OpAmp
— Collaboration with Eric

— Temperature compensation
— Control of DC offset as needed for ADC

16 7T i . . T 2SOIWTOTVRT=VITTVCy T T CMOS 0.35um

- ey v | B AMS 3 mm?

o _ _ _ | sno | | Submitted: April 2010
2 ] A7 i i Received: end July 2010

17.1 Hk/ —— e =

8% 0 2.0 : 4.0 6.0

2.25{ Ve pict
g 1.0 . _/_.-"’-/-f--f - = j:’

— g | P; ol f
- | = i
5. e el I | IG__—J__ '\_::.,‘55_ P N — g
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Il. Blocks iIn ACTA3: GmB5

. Same gain block as in ACTA

 New buffer
. Based on the same OpAmp used for NECTARQO input buffers
. Colaboration with Saclay

. Compensation resistor sized to drive outptut pads (4-5 pF load)
. Not tested for the moment, only to "debug”

GmB5

E + %

Linear Load with regulated
Transconducor cascode input

Already in ) Loan—
ACTA N Rd
Rd for compensation New buffer

84 Q for 4-5 pF (aprox) (same OpAmp NECTAr0)
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Il. Blocks iIn ACTA3: GmBO5

. As GmBb but gain stage is modified to generate the DC offset
required by ADC
« Compensation resistor sized to drive outptut pads (4-5 pF load)

GmBO5

\ A VAYAVas
| \ + Rd
Linear Resitive
Transconducor Load with regu@
+ cascode input
Offset circuit /

Rd for compensation

New buffer
84 Q) for 4-5 pF (aprox) (same OpAmp NECTATr0)

SAVAVAVES
+ Rd




Il. Blocks iIn ACTA3: GmBO1

. As GmBOb5 but the amplifier (Rd1) is adjusted to drive a smaller

capacitance:
. It should be the case if it is integrated in the analogue memory chip
. An additional buffer is added to emulate the NECTArO input stage and test the

chain

|_
GmBO1
- AN~
_ + Rd2
4 B + Rd1
Linear Resitive
Transconducor Load with regulated
+ cascode input
Offset circuit
- A~
AN+ Rd2
Rd1 300 Q for 1 pF (aprox) + Rd1 |
Rd2 84 Q for 4-5 pF (aprox) New buffer Emulation of the NECTAr0

(same OpAmp NECTAr0) , input buffer _|




47

Il. Blocks in ACTA3: GmBOs1

. As GmBO1 but the buffer is replaced by a fully differential amplifier:
. Subtract common mode signals as soon as possible (CMRR, PSRR)

—
GmBOs1
+ -
AN~
_ | ) + Rd2
| ) Rd1
Linear Resitive
Transconducor Load with regulated
+ cascode input
Offset circuit
AN~
- 1+ Rd2
Rd1 300 Q for 1 pF (aprox) Rd1 |
Rd2 84 Q for 4-5 pF (aprox) + Emulation of the NECTArO
input buffer |

Differemtial amplifier



Ill. Pulse shape: GmBO1

. Second order response effects in the shape? (small...)

File Edit Vert HorzfAcq Trig Display Cursor Meas Mask Math App MyScope Utilities Help Button
Tek Run Sample 13 Aug 10 16:38:30

..ww "t'r"ﬂ i

10.0mV Q 5.0ns/div 21.8ns
IEE 120mV QO 10.0GS/s  100ps/pt
5 1.33V

[[C2] Ampl 864.0mV ||1:863.91763m |m:758.4m [M:912.0m |6:37.95m
1.635ns [ui1.6253813n m:1.443n [M:1.756n G:67.35p
3.745ns pi4.0715037n mi3.392n M:5.137n |@:287.0p

I[#51 Rise* 1.544ns [[1i1.4557356n mM:i566.5p [Mi2.034n [G:271.1p
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Ill. Pulse shape: GmBOs1

. Second order response effects in the shape? (small...)

File Edit Vert HorzfAcq Trig Display Cursor Meas Mask Math App MyScope Utilities Help Button
Tek Run Sample 13 Aug 10 13:56:37

- .'I|I' I . y l ! I "~ . |'|IILI'!| : | i II||r
I|'i!1|'."ﬁul ||I ) | n.lj 1 - ] 1I.| Ir'ﬂll.ll ! I | Ir-, r| | b |||| Mo '-.Jl 1 A "II “l

.

2 [t e B e ey b aet Al et

|
| L
R | \

X . h N
1 'lli[l'. N S 'lI'.-"I '|"|'|'|I‘i
|

I\.“I..\Iﬂ”,h Lfly
L) I_II II 1| L |.|I A

s, .
L

Tl e e Pieale,

I 100mV Q@  Ds 5.0ns/div 21.8ns
10.0GS/s 100ps/pt

A 150mV Q Os
B~ 1.33V

I#E& Ampl 1.02v W:1.1079517  |m:996.0m M:i1.176 [6:51.04m
A Rise 1.525ns |[[1i1.6861488n |mi1.449n |Mi1.851n [Gi71.56p
A Fall 3.056ns |[ui3.5458354n mi2.818n Mi4.243n [@i241.9p
I=Hl Rise* 1.489ns [ui1.5058121n m:i914.3p Mi1.945n [¢:133.1p




V. Behaviour of the new buffer: class B boost control

. A current control Ibfol has to be set to > 30 uA to be sure
that the class B current boost is of f at the quiescent state

.................................

File Edit Vert Horz/Acq Trig Display Cursor Meas Mask Math App MyScope Utilities Help Button
ek Fun Sample 13 Aug 10 12:23:01

File Edit Vert Horz/Acg Trig
ek Fun Sample

Display Cursor Meas Mask Math App MyScope Utiliies Help Button
13 Aug 10 12:22:10]
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I\VV. Behaviour of the new buffer: bias current (buffer driving 5 pF)

o Bias current (4*Ibbpp):
. If too low (< 75uA for 5pF, <45uA for 1 pF) GBW is too low
. If too high (>200uA) phase margin too low

Edt Vet HorzfAcg Trig Dasplay Cusor Meas Mask Math App MyScope Utilties Hely Fle Edt Vet HozfAcg Trig Daplay Cusor Meas Mask Masth App MyScope LRiities el
I = 10Tk

e

Vert Morzfheq Trig Depley Cursor Mess Mask Math Aop MyScope (Lt B B et HornfAcg Trig

| EEE N e B T orine M b ) s M dein BRI 70 T2 954 H1500m M2eh 0m B 2T
Ibb=10uA

Ibb=152uA Ibb=195uA

Ble Ed Vet Horjhcg Trig

q Trig Deply Cumer Mems Mask Mah igp MyScope |Ubibes belp fution

Ibb=66uA Ibb=104uA

Ibb=264uA



V. Bandwidth: GmBO5

. Nice first order response with little non-linearity up to 2 V, but...

. However BW is only 200 MHZ
. Rd was adjusted to have 300 MHz Il

« With an external Cload of 3 pF + extracted capacitances including pads

Gain for different Peak to Peak VoD (GmBO5)
—=—150mV
30.00 ——300mV|
: 3 3 3 | | —+— 600MV
25,00
20,00
)
S,
c 15,00
T
)
10,00
5,00
0,00
10,00 100,00 1000,00
Frequency [MHz]




V. Bandwidth: GmBO5
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. It seems that the BW is dominated by the pole Rd*Cload
. After some surgery it was possible to measure the BW with shorter PCB traces:

increases to 250 MHz

. The response looks like a first order response (up fo 500 MHz)

. Possible explanation

. External Cload is larger than expected
. Process variation effects inR and C

—BiMp — By
oo

GO0

500+

400+

Y0 (EA)

300+

200+

100

1]

T
1

[ 325613 6.2a71E8

3
CIE12)

Gain [dB]

30,00

Gain for short and long traces (300 mVpp)

: —=—Long
| —— Short

25,00

n
o
o
S

[EEN
o
o
o

10,00

5,00

10,00

100,00
Frequency [MHz]

1000,00




V. Bandwidth: GmBO5 vs GmBO01
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. Additional confirmation that the BW is limited by the Rd*Cload

. The BW of GmBO1 is even larger
. It has an additional buffer !

. Should be possible to achieve > 300 MHz BW for the full amplification

« ACTA3 + NECTARO input buffer

« Need a very careful tuning of Rd
« BW vs stability

. Environment more controlled
« ACTA3 in NECTAR silicon
« Postlayout simulation with Eric

. Side effect:
« Underestimation of lin error ?
. Seems to be enough margin...

Gain [dB]

30,00

GmBO5 vs GmBO1 (600 mVpp)

25,00 +

20,00 ~

15,00

T T
:—-—BOS !

10,00 -

5,00

|

0,00
10,00

100,00
Frequency [MHz]

1000,00




VI. Linearity
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Remember that gain depends on two bias current:
« Ibgm: linearized transconducor differential pair tail current
« Icf: current controlling floating voltage supply current
“Nominal” condition is Ibgm=1500 uA and Icf=150uA (pulse gain = 16, DC gain = 20)
Results will be shown for this condition
Tested for other conditions, results available for other conditions:
« Trade-off conssumption / linearty

« Nominal conssumptionis 10 mA

Guany ve. lcf

—a— |bgrm BO0uA
—a— |bgrm S00uA
17— lbgm 120004,
Ibgrn 150004,

100 110 120 130 140 130 160 170 180 140 200
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VI. Linearity: GmBO05

. Amplitude measurement

. Linearity residue:
« <1% of the Full Scale (F.S.) for outputs < 1.3 Vpp
« <3 %F.S. for output < 1.6 Vpp

Guany Error
3,00E+00
5,00E-002
2 50E+00 3,00E-002
1,00E-002
2,00E+00 -1,00E-002
©
2 -3,00E-002
3 1,50E400 ?El
o ’
2 £ -5,00E-002
S -7,00E-002
1,00E+00 L]
-9,00E-002
-1,10E-001
5,00E-01
-1,30E-001
0,00E+00 -1,50E-001
0,00E+00 5,00E-02 1,00E-01 1,50E-01 2,00E-01 2,50E-01 3,00E-C 0,00E+00 5,00E-01 1,00E+00 1,50E+00 2,00E+00

Vin Vout



VI. Linearity: GmBO05

 Charge (area) measurement
. Linearity residue:

« <1% of the Full Scale (F.S.) for outputs < 1.3 Vpp

. <3 %F.S. for output < 1.6 Vpp

Error

1,00E-01

5,00E-02

0,00E+00

Differential
excitation

-5,00E-02

-1,00E-01

Error Q

-1,50E-01

-2,00E-01

-2,50E-01

-3,00E-01

0,00E+00  5,00E-01  1,00E+00 1,50E+00  2,00E+00

Vout

1%F.S.

2,50E+00

Error Q

-5,00E-02

-1,00E-01

-1,50E-01

-2,00E-01

-2,50E-01

-3,00E-01

Error

Single Ended
excitation

1,00E-01

5,00E-02

0,00E+00

0,00E+00 5,00E-01 1,00E+00 1,50E+00 2,00E+00 2,50E+00
Vout

S7

1%F.S.
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VI. Linearity: GmBO1 Guany

3,00E+00

2,50E+00
2,00E+00
. Similar to GmBO5 3 1508400
1,00E+00
5,00E-01
0,00E+00
0,00E+00 5,00E-02 1,00E-01 1,50E-01 2,00E-01 2,50E-01 3,00E-01
Vin
Error A p||tude Error h
5,00E-002 1,00E-01
3,00E-002
5,00E-02
1,00E-002
0,00E+00
-1,00E-002
©
2 -3,00E-002 -5,00E-02
= o
E -5,00E-002 § -1,00E-01
S -7 00E 0
£ 7,00E-002 -1,50E-01
-9,00E-002
-2,00E-01
-1,10E-001
-1,30E-001 -2,50E-01
-1,50E-001 -3,00E-01
0,00E+00 5,00E-01 1,00E+00 1,50E+00 2,00E+00 0,00E+00  5,00E-01 1,00E+00 1,50E+00 2,00E+00  2,50E+00

Vout Vout



VI. Linearity: GmBO0s1

Guany
3,00E+00 e —
2,50E+00
M 2,00E+00
. Slightly worst
. . o . 51.50500
. Gain is 10 % higher
1,00E+00
5,00E-01
0,00E+00
0,00E+00 5,00E-02 1,00E-01 1,50E-01 2,00E-01 2,50E-01 3,00E-01
Vin
=rer Amplitude e Ch
5,00E-002 1,00E-01
1,00E-002
0,00E+00
-1,00E-002
5 e UGN S —
2 -3,00E-002 -5,00E-02
= o
£ -500E-002 S -1,00E-01
5 m
2 -7,00E-002
5 -1,50E-01
-9,00E-002
-2,00E-01
-1,10E-001
-1,30E-001 -2,50E-01
-1,50E-001 -3,00E-01
0,00E+00 5,00&01 1,00E+00 1,50E+00 2,00E+00 0,00E+00 5,00E-01 1,00E+00 1,50E+00 2,00E+00

Vout Vout



V. ACTAS3: Offset generation: effect on linearity and gain

. Linearity is ok at the gain plateau
. Optimal region around Ibof 300 uA

Guany vs. |bof

16
14

> 12

3

o 10 — BO5
3 —BO1

—BOsl1

0 100 200 300 400 500
Ibof (uA)



