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Near Detector Electronics Tutorial
MENU M odule Description

Description of the QIE ™2™

Overview
- Some Background

» Custom |C Based on
KTeV & CDF QIEs

» QIE7 - “7th Generation”
» Designed at FNAL

» Mixed NPN Bipolar and
CMOS Transistors

» 2.0 micron Feature Size,
Low-Noise Analog
Process
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Description of the QIE ™ 3"

Overview (Cont.)

- What it Does
» Receives Charge from PMT Anode
» “Splits’ Charge into Binary-Weighted Ranges
» Integrates Charge Fractions on Separate Capacitors
» Selects (Somehow) One Range to be Digitized

» Outputs the Analog V oltage from the Selected Range,
and a Digital Representation of the Range Number
(0- 7, 3Bitg)
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Description of the QIE "33

Overview (Cont.)

- What it Does (Cont.)
» Operates at 53 MHz (19 nS period)

» Operation is Deadtimeless
» Every Clock Cycle, aNew Sampleis Presented at the Output
= Always Live for Sampling Input

» Operations are Pipelined to Achieve No Deadtime

» Digitization is Done Externally, Not Part of Chip
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Description of the QIE " 52"

Principles of Operation
- 4 Phases of Operation
» Integrate
» Compare & Range Select
» Output Analog Voltage (Digitize)
> Reset
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Description of the QIE .6

Principles of Operation (Cont.)

- Integrate Phase
> BaS| C Ga[ed I ntegrator Switch - closes for Period T

= Close Switch for 2 "
Period T ldet — Cudet Cint — Vint

= Collect Chargeon a éi} 1 1T
Capacitor -~ -

= Collected Charge lget(t) = Cint _dV(ijntt(t)
Creates aVoltage

e . 1 of
= ADCs Digitize Voltage Vint = mj’o let(t) dt
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Description of the QIE ™37

Principles of Operation (Cont.)
- Integrate Phase (Cont.) T
» QIE Uses Current reset >

Splitter: e N e e T )

. 128|(jentical + M M M M ﬂ M 1
Transistors

= Emitters All Common H H\H\H\H\H\H\\ N
to I nput .

= Collectors Grouped Input

In Binary Numbers

= Collectors Connected
to Gated Integrators

® Ranges
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Description of the QIE .8

Principles of Operation (Cont.)

S+
(4]
(o]

- Integrate Phase (Cont.) T
» QIE Uses Current I I = = = = B ==
Splitter (Cont.): _’Tz_’tif’ti_’tim_’tl_’ti?’tﬁfm
= 1/2 of Isias Goes Onto 64 2 16 5 ‘ N
2, f ﬁ\%\%\é\%\%\\ ™
1/4 of Isias Goeson
1/4, etc.

PMT

= Voltage Proportional input
to Integrated Current:
V2=2Va=4Vs ec. l

>
)
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Description of the QIE p. 9

Principles of Operation (Cont.)

- Integrate Phase (Cont.) T
» QIE Uses Current U= T = = = A= A=
Splitter (Cont.): *ﬁfiﬁ’iﬁﬁ?ﬁfiﬁﬂa
» Last 2 Stages Each M M M M M M oo
D |/128 .I: + (0 (X7} (T 00 (X
Clrj?rNent O H H\H\H\H\H\H\\ N
= V128 = 2V 256 Because
C2s6 = 2C128 put
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Description of the QIE "5 %"

Principles of Operation (Cont.)

- Integrate Phase (Cont.) T
» Voltages From lgias %gﬁgagagagagagég
Splitting Creates megme Y ¢—j¢—’}—j¢—’ e
“Pedestals” o) =) Te) o) o) 2]+ o
» At End of 19 nS CIOCkHT I< %\ I<\ %\ I<\ I<\ NN
Cycle (at Pedestal):
= V2=1V Pt
= V4=05V

= \Vg=0.25V eic. Q{/) layas
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Description of the QIE "5 5"

Principles of Operation (Cont.)
- Integrate Phase (Cont.) T

» Additional Current from

IIIII

I = B = N
T SpltstheSame o T h

Way, and Adds Voltage V ”
to Each Capacitor Hf

» At End of 19 nS Clock

Cycle (Ped + PMT SiQ): o
= V2=1V +Qpur/2C p

= V4a=05V + Qpur/ 4C D) e
= Ve=0.25V + Qeur / 8C

= €lC.

IIIII
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Description of the QIE "1 %"

Principles of Operation (Cont.)

- Compar e Phase .
> Principle: Oneand /
only One Capacitor \ 20

Voltage is Within Range
of (External) ADC

> Rangeof ADCis1lVto "

2V 0.5 Range 4
/
= 1V =0 ADC Counts

= 2\/ =255 Counts |

0 End of End of End of
Range 0 Range 1 Range 2

15

Range of ADC

Qin —>
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Description of the QIE ™1 %"

Principles of Operation (Cont.)
- Compare Phase (Cont.)...

» Range Comparison /
Circuitry Inside QIE y 20
Selects Appropriate 3 .
Capacitor for Output
> Circuitry Also Outputs ~ * ™
Binary Representation 05
of Selected Range ]

0

0
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Description of the QIE 0. 14

Principles of Operation (Cont.)

- Output Phase Selec

> Range Comparison cange P
Circuitry Inside QIE o P
Selects Appropriate zz:z?eez P
Capacitor for Output votaoe P

» Circuitry Also Outputs Votage + o Ouput
Binary Representation Vaage. ~1
of Selected Range Voliage. i

> Output Goesto External Vorage. ji

FADC, Which Digitizes Ve
at End of Output Cycle
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Description of the QIE "1 %"

Principles of Operation (Cont.)
- Reset Phase T

» After Diqitization, reset >
Integrating Capacitors e —\ >\~ *—T*—’W*—T o T
are Cleared by Closing V A

D el o) o
Reset Switch H H\H\H\H\

i

32

PMT
Input

S e

IIIII
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Description of the QIE "1 %"

Principles of Operation (Cont.)
- Why No Deadtime?

» 4 Clock Cycles Needed to Produce an Output:
= 1 Clock for Integrate
= 1 Clock for Compare
= 1 Clock for Output
= 1 Clock for Reset
» Why is QI E Not Dead 75% of Time???
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Description of the QIE ™3 5"

Principles of Operation (Cont.)

- Why No Deadtime?
» Answer: Every

Capacitor A(_:tually e % % % %*Lir Lir*gr*gr
A DDPIIIT
LU LUL

)
\

Ecd

B
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Description of the QIE "1 %

Principles of Operation (Cont.)
. 4- Ph a$ CI OCk RF Clock —m8 Phase Control
> Think of Having 4 Sets of = -l

——» CAPID
* Bits

7a - ) > Range
1/8 > )
Gmm Int raors Input 1716 ) B p—— » Bits
Current 775 — Gated [PJRangd "™
from — . —» -
Splitter 1764 _JIntegrato]_JIselec
PMT 1/128 ) K
. . . 1/256 o [ Analog Out . Analog
> At Any Given Time
.

= One Set in Integrate Phase
= One Set in Compare Phase
= One Set in Output Phase

Gated
| Integrator]

RangE ngngngng
Select

}.I.kk.l..l..l..l..l.

nalog Out

sttt ild 1111111
&
[

— —
— —
=
I - Gated Range B
= One Set in Reset Phase =|
L~ Jintegrator] JSelect
":;:: Analog Out

» Roles Change on Each

—» L ]
— —» —
OC cle > B
— Gated F4Rangg Renoe Bis
M integrator] Yselec
7 o
T B Analog O
L Ly 2

GRD991101
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Description of the QIE "5 %"

Principles of Operation (Cont.)

- 4-Phase Clock (Cont.)

» Think of 4 Clocks,
Each Out of Phase
From an Adjacent One
by One Clock Cycle

» The 4-Phase Clock is
Generated Inside the

QIE

Reset

QIE
Reset

RF
CLK

Events

Charge
at QIE

QIE
CLK

QIE
CLK

QIE
CLK

QIE
CLK

il

4 d

—>H‘<—DLY2 L
I_I 4 d

| 2 J

—

R1 11 C1 D1

D2 R2 12 Cc2

C3 D3 R3 13

I=Integrate
C=Compare
D=Digitize
R=Reset
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Description of the QIE ™5 %"

Principles of Operation (Cont.)
- 4-Phase Clock (Cont.)

» Scheme Relies on Good
Matching of Capacitors ‘
* |n CMOS, Capacitors

Match to ~ Few %

1
= Can Calibrate Out L —>
Differences

7
S
7

® Capacitor I1Ds

» QIE Outputs 2 CAPID
Bits During Output
Phase, to Indicate Bank
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Description of the QIE p. 21

Principles of Operation (Cont.)
- Summary

» QIE Splits Input Current, Integrates Fractions Separately

» Outputs Analog Voltage, Corresponding Range Bits (3),
and CAPID Bits (2)

> |t Never Stops! (AsLong As Thereisa Clock.)
» External 8-Bit FADC Digitizes Output Voltage
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The MENU Module " %"

MINOS

Principles of Operation

- The QIE Transfer Function
» Recall Range Comparison

Veap

Range/ Range 1 255 ——
2.0 ADC

Response

(Cnts)
15

Range 2
1.0
Range 3

0.5 0 — f J | Qin

Range 4
Qmax 3Qmax 7Qmax 15Qmax 31Qmax
256 256 256 256 256

Range of ADC

RANGE 112 /4 118 1116 1132
0 Number 0 1 2 3 4
| Ll | | |
End of End of End of [ | | | |
Range 0 Range 1 Range 2 225rréax 4(2)5n;ax sgsnéax lggemax
Qin —

Ideal QIE Transfer Function
(Ranges 5-7 not shown.)



Near Detector Electronics Tutorial
MENU M odule Description

The MENU Module " %"

Principles of Operation
- The QIE Transfer Function (Cont.)

> Digitization Begins on T
Range 0, Near ADC=20
(Offset Added by Analog
Circuitry)

» Aslncrease Charge, ADC == == == s
RANGE 1/2 /4 1/8 /16 1132
VaI I Number 0 1 2 3 4
ue Increases AT I I
> At Top Of Range Ol Ideal QIE Transfer Function

A D C —_ 250 (Ranges 5-7 not shown.)
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The MENU Module " %"

Principles of Operation

- The QIE Transfer Function (Cont.)

» When at Top of Range 0,
QIE Switchesto Range 1

® Analog Output Falls,
& ADC Output ~ 20
Again
» Gives “ Sawtooth”
Response
® Piecewise-Linear
® Key to Calibrations

eeeeeeee

222222

222222

Ideal QIE Transfer Function
(Ranges 5-7 not shown.)
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The MENU Module — *"%2

Overview
- Some Background

» Based on CDF Designs
(CAFE & SQUID)

» Memory SIMM Format

» In Addition to QIE, It
Contains
= 8-Bit FADC & Support
» DataPipeline
= Qutput FIFO
= Cadlibration Circuitry
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The MENU Module  *™ %"

Overview (Cont.)

- What it Does

» Performs All Analog Processing & Digitization

» Contains Data Pipeline for Aligning ADC &
QIE Bits(Thereisalag...)

DC CALEN Range & CAPID Bits
Current Switch Pipeline
iaoti . FIF
Injection QE F—— FaDC E\T’ W O
| nalog its
t Clock I

Analog Input wr RD - Data
Output
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The MENU Module  *"3 5"

Overview (Cont.)
- What it Does (Cont.)

» Contains 1K FIFO for Storage of Data

Accepted by a Trigger

» Contains Circuitry for Performing DC Current
Injection for Calibrations

Delayed ' FIFO

Data

DC CALEN Range & CAPID Bits
Current Switch Pipeline
Injection o — | Fapc P
I_’ Analog Bits
4 t Clock I

Analog Input

WR RD Data
Output
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The MENU Module " %"

Principles of Operation

- The FADC

» FADC Digitizesto 8 Bits- 0.4% Precision

» The FADC Receives Analog Voltage from QIE During
Output Phase (There is an Output Phase on Every Clock

Cycle...)

» Digitization Sequence Begins at End of Clock Cycle
» Digitization Sequence Requires 4 Clock Cycles
® Pipelined Operation Inside FADC

Injection QIE

Pipeline
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The MENU Module " %"

Principles of Operation (Cont.)

- The Pipeline

» QIE Bits (3 Range Bits & 2 CAPID Bits) Output at the
Beginning of the Output Phase (There is an Output Phase
on Every Clock Cycle...)

» Digitization Sequence Requires 4 Clock Cycles
® Need Alignment Pipelineto Delay QIE Bits

Injection QIE FADC
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The MENU Module *"5 %"

Principles of Operation (Cont.)

- The Pipeline (Cont.)

» Pipeline Also has 4 Extra Stages of Delay, to Provide
Extra Time for Trigger Formation

» Total Latency:
» 2 QIE Cycles (Integrate & Compare)
= 4 FADC Clock Cycles
= 4 Extra Pipeline Stages

® QIE Word Available 10 Clocks After Charge Received
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The MENU Module  *"5 3™

Principles of Operation (Cont.)

- TheFIFO

» Data Stored in 1K FIFO

» Write Enable Timed to Capture Data of Interest
» ~8 Clock Cycles Latencyfor Dynode Trigger
= 8 Clock Window for Dynode Trigger
» 526 Clock Window for STE Spills

» FIFO is Read After Write Cycleis Completed

Injection QIE FADC |

Analog Input wr RO Data
Output
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The MENU Module p. 32

Principles of Operation (Cont.)

- DC Current Injection
» Uses Voltage-to-Current Converter, Switched In & Out

» External Precission DAC Supplies Voltage
(From KEEPER)

» Conversion: 1Volt a 1mA a ~19pC

DC CALEN Range & CAPID Bits
Current Switch Pipeline '
_’ Delayed FIFO
Data
7Y

Injection QIE » FADC [ apc
Al Bits

Analog Input
Output



