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Preamp Changes



CBC3 Preamp current increase

VPC
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10/120/1 IPRE2IPRE1

Cfp

100f

10/1

IPRE2
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IPRE2 IPSF
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All NMOS enclosed

(also triple well)

100p
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IPRE1

128uA
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60/1

measure current
here

Want to increase by ~3x

try increasing 20/1 to 60/1

Mark Raymond
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IPRE1, T = -20
vdda: 1.1
all process corners

current in input transistor dependence on
IPRE1 I2C parameter setting

current source device 20/1

maximum current ~ 250 uA

CBC2 Mirror size performance

20/1

Mark Raymond
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IPRE1, T = -20
vdda: 1.1 +/- .05
all process corners

IPRE1, T = +30
vdda: 1.1 +/- .05
all process corners

+/-10% variation

60/1 60/1

Mark Raymond
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IPRE1, T = -20
vdda: 1.1 +/- .1
all process corners

IPRE1, T = +30
vdda: 1.1 +/- .1
all process corners

+/-20% variation

60/1 60/1

Mark Raymond
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VPC

400/0.36

25/0.25

200k

118 sq.
IPSF

25/0.5

10/120/1 IPRE2IPRE1

Cfp

100f

All NMOS enclosed

(also triple well)

electrons
Cc

1p

10/1

60/1

CBC3 Preamp bias conclusion

just increase current source to 60/1

Mark Raymond
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CBC3 Input device choice

W=100u

W=200u

W=300u
W=400u
W=500u

gm

[mA/V]

IDS

CBC2 I/P device = 400/0.36  (CGS ~ 1pF) (length chosen to avoid 1/f corner penalty)

Do we need to increase width if need to run at higher IDS to cope with higher sensor capacitance?

� Plot suggests there’s not much to be gained - still in weak inversion for higher currents

� Most likely to be operating in 150 - 300 uA range 

� Increasing width significantly will only give CGS penalty with no gm enhancement

Decision: Keep W/L = 400/0.36

operating region

for ~10pF sensors

operating region

for ~16pF sensors

(if want same noise)

Noise α C/√IDS (gm α IDS)

Mark Raymond
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400/0.36

25/0.25

120k

IPSF

25/0.5

10/160/1 IPRE2IPRE1

Cfp

100f

All NMOS enclosed

(also triple well)

electrons
Cc

1p

10/1

CBC3 Preamp with regulated cascode

4/1

10/0.25

10/1

IPRE2

51uA

IPRE2 IPSF

51uA

IPSF10/1

100p

10/1

IPRE1

128uA

IPRE1

100p

100p

Other preamp mods

Remove the T-network for holes polarity

Reduce Rf to 120k (needed for reduced
pulse peaking time)

Use a regulated cascode circuit

� Larger open loop gain
� Self biasing so no need for gate voltage 

bias or any adjustment
� Small power penalty

25uA 10uA

Mark Raymond
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Effect of regulated cascode

higher OL gain => reduced effect of Cin

on overall preamp gain

self biasing - no need to generate cascode

gate voltage

worth having

can derive bias from ipre2 (factor 2.5) so

for ipre2 = 25u, need extra 10uA for reg casc

Cin = 3pf -> 15pF, 3 pF steps

regulated cascode

5.4 -> 5.0 mV/fC

CBC2 cascode cct

5.1 -> 4.2 mV/fC

Mark Raymond
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Effect of reducing preamp feedback resistor

200k -> 120k

1 fC pulse shape now within 50nsec

overall duration

Mark Raymond



Hit Detect Circuit



Hit Detect Spec

As specified by Mark Raymond



Hit Detect Circuit

Captures narrow asynchronous

outputs from Comparator

Lengthens pulse to 1 clock cycle

Captures synchronous

outputs from Comparator

Samples Comparator output on rising clock edge

HIP 

Suppression

Select which 

output to HIP 

Suppress

Hit Detect is disabled by 

holding it in Reset



Simulation: Transient showing input pulses as provided by Mark Raymond; Typical corner

Clk

HitIn

Fixed Pulse 

Width

Sampled

Comparator

Output

OR output

HIP

Suppressed

output

Count <0>

Count <1>

Count <2>

Output suppressed after count of 2

0

1

0

NOTE: HIP suppression recognises the difference 

between a long hit and consecutive hits



I2C Register Replacement



Existing Whitaker Flip Flop

Use for Set I2C Register Use for Reset I2C Register



Whitaker I2C Register
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Simulation: I2C with Register 1 on Page 2 replaced by a Whitaker equivalent



Stub Gathering Logic



Stub Gathering Logic Layout



3 x (An+Bn) + FLAG

Post Layout Simulation



Current Reference



Schematic Simulation

Reference

Current

Reference

Current

Reference

Current

Reference

Current

Reference

Current

Original span: ~36 to 94 µA Original span: ~36 to 94 µA

Original span: ~36 to 94 µA
Original span: ~36 to 94 µA



Layout in progress



Fast Command Interface



Fast Command Interface

1 0 0 0 0 010

Fast

Reset

Trigger Test

Pulse

Trigger

L1

Counter

Reset

Non CBC3

Commands

40 MHz Clock

00

320 MHz Clock

40 MHz cycle used as the delimiter for the 8 commands

Falling edge used to 

recognise command



Summary
• Technical Specification document – Complete

• Cluster Width Discrimination – Verified Layout complete

• Offset Correction and  Correlation – Verified Layout complete

• Stub Gathering Logic – Verified Layout complete

• L1 Counter – Verified Layout complete

• Pipeline SRAM – DRC & LVS clean version of layout complete 

• Current Reference – Circuit modifications complete. Layout almost completed

• Channel Mask – Included with Hit Detect circuit

• Hit Detect – Schematic designed and simulated across corners

• Bend Look-up table – Coded

• Data Assembly – Coded

• Fast Command Interface – Coded

• I2C Register – Whitaker latch simulated with I2C controller
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Slides
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