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1. INTRODUCTION 

 

This manual describes the Multiple Gain Pre-Amplifier (MGPA) chip, which is a three gain-
channel amplifier matched to the requirements of the Electromagnetic Calorimeter (ECAL) 
readout for the CMS experiment at the CERN LHC accelerator. 

This version of the manual is based on measurements made on the first version of the chip 
and simulations of the behavior after the modifications implemented in this, the second 
version. 

Three gain ranges are required to achieve the required dynamic range for the ECAL detector 
with sufficient resolution in each gain range. In the CMS ECAL system the MGPA outputs 
connect to a multi-channel ADC and a digital logic decision is made following the 
conversions as to which output is in range (the highest gain channel that has not saturated the 
ADC). 

The CMS ECAL uses Lead Tungstate crystals read out using Avalanche Photodiodes (APD) 
and Vacuum Phototriodes (VPT) in the barrel and end-cap regions respectively. The MGPA is 
intended for both barrel and end-cap, external gain components to the first stage allowing the 
two different overall gains required because of the different light-to-charge conversion gains 
of the two photodetectors. The output of the first stage feeds the three different gain stages, 
and three subsequent output stages provide the outputs in differential current form. Simple 
CR-RC pulse shaping is implemented by the first stage resistor-capacitor feedback 
components, and the resistive and capacitive termination components of the differential 
output stages. 

Operational bias currents are externally defined by resistors, and the output offset (pedestal) 
levels are programmed by an I2C protocol. A simple calibration facility is provided where a 
programmable (I2C) amplitude charge pulse is injected into the first stage input on receipt of 
an external edge trigger. 

This version of the manual is preliminary, since the first prototypes of the MGPA have not yet 
been received and tested at the time of writing. 

1.1 MGPA Version 2 

This document has been updated from version 1.1 written for the initial MPW version of the 
MGPA chip.  Version two of the chip incorporates the changes listed below. 

1) Addition of Current Reference circuit 

2) Movement of CALIN pin  

3) Hand-Modification of I2C Reset values  

4) Wire QIN input to three input pads 
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1.2 Specifications 

 
Parameter Barrel End-Cap 

full-scale signal 60 pC 16 pC 

noise level [electrons] 10,000 electrons 3,500 electrons 

noise level [C] 1.6 fC 0.56 fC 

input capacitance ~ 200 pF ~ 50 pF 

output signals to match 
ADC 

differential 1.8 V, +/- 0.45 V around  

Vcm = (Vdd-Vss)/2 = 1.25 V 

gain ranges 1, 6, 12 

gain tolerance (each range) +/- 10 % 

linearity (each range) 0.1 % full-scale 

pulse shaping (impulse 
response) 

40 nsec CR-RC 

channel/channel pulse 
shape matching 

< 1 % 

 

 

1.3 Pulse Shape Matching 

 

 

 

 

 

 

 

 

The pulse shape matching specification requires that (Vpk-25/Vpk) should match to better 
than +/- 1% within and across gain ranges. 

 

Vpk

Vpk-25ns 
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2. PHYSICAL SIZE, PACKAGE & PAD LAYOUT 

 

The MGPA chip (not including scribe channels) measures 4025 x 4025 microns.   This chip is 
fabricated on a 0.25um, 3-layer metal IBM process.  The chip comprises 25 pads on each side 
for bonding into a 100-pin package. 

2.1 Package Information 

 

The MGPA is housed in a 100 pin TQFP package provided by Atlantic Technology. 

Description 100LD TQFP 260x260 CU64T 
Drawing (package) DGMF14141 
Drawing (lead frame) QPL-100-TQFP-0014-R1 
Part No 18100223 

 

The package measures 14mm × 14mm.  The upper surface of the package sits 1.8mm above 
the surface of the PCB.  Refer to manufacturer drawings for precise package details. 

All 100 pads are bonded to the 100 pins in a straight 1:1 assignment.  A bonding diagram is 
available. 

2.2 Pad Layout 

Pad centres are arranged on a 5um pitch, at a minimum spacing of 125um.  Refer to the 
bonding diagram for pad layout. 

2.3 Power Supplies 

The MGPA provides separated positive power supplies for the following: 

• Input preamplifier: “VDD_P” 
• VI-stage & Differential output stage (High gain channel): “VDD_HI” 
• VI-stage & Differential output stage (Mid gain channel): “VDD_MID” 
• VI-stage & Differential output stage (Low gain channel): “VDD_LO” 
• Digital I2C, Bias current generator, Calibration DAC, Pad ring: “VDD” 

 

Ground connections (by metal) to these circuits are also identified:  Note that all ground pins 
are connected to the substrate so these pins are not isolated. 
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3. PIN DEFINITIONS 

 
Pin Name Type Value Function 

1 *** TEST_MODE Digital input  Scan chain enable (active high) 
2 ADD0 Digital input  
3 ADD1 Digital input  
4 ADD2 Digital input  

Sets the 3 LSBs of the unique I2C address of this 
chip.  The upper 4 bits are tied to logic ‘1’ internally. 

5 VDD_HI Power 2.5v Positive power supply for high gain channel 
6 VDD_HI Power 2.5v Positive power supply for high gain channel 
7 GND Ground 0v Negative (ground) connection for high gain channel 
8 GND Ground 0v Negative (ground) connection for high gain channel 
9 VCAL Analogue output  Voltage reference defined by calibration DAC 
10 CALOUT Analogue output  Open drain o/p controlled by CALIN for calibration 
11 VDD_MID Power 2.5v Positive power supply for mid gain channel 
12 VDD_MID Power 2.5v Positive power supply for mid gain channel 
13 BIAS1 Analogue output 2mA Input preamplifier bias current 
14 NO CONNECT   To facilitate board design 
15 VC Analogue input  Input preamplifier bias 
16 VDD_P Power 2.5v Positive power supply for input preamplifier 
17 VDD_P Power 2.5v Positive power supply for input preamplifier 
18 VDD_P Power 2.5v Positive power supply for input preamplifier 
19 VS Analogue input 
20 VS Analogue input 
21 VS Analogue input 

 
20mA 

 
Input preamplifier bias 

22 *** QIN Analogue input 
23 QIN Analogue input 
24 *** QIN Analogue input 

 
60pC 
max 

 
Charge input signal 
 

25 BIAS2 Analogue input 4mA Input preamplifier bias current 
 
 
26 GND Ground 0v Negative (ground) connection for input preamplifier 
27 GND Ground 0v Negative (ground) connection for input preamplifier 
28 GND Ground 0v Negative (ground) connection for input preamplifier 
29 GND Ground 0v Negative (ground) connection for input preamplifi er 
30 GND Ground 0v Negative (ground) connection for mid gain channel 
31 GND Ground 0v Negative (ground) connection for mid gain channel 
32 CSA_VOUT Analogue output  Output voltage from preamplifier 
33 VDD_LO Power 2.5v Positive power supply for low gain channel 
34 VDD_LO Power 2.5v Positive power supply for low gain channel 
35 GND Ground 0v Negative (ground) connection for low gain channel 
36 GND Ground 0v Negative (ground) connection for low gain channel 
37 VINP  Analogue input  Voltage reference for VI-stage circuits 
38 CDEC1_LO Analogue input  VI-stage bias for low gain channel 
39 IBIAS_LO Analogue output  
40 IBIAS_LO Analogue output  

VI-stage bias for low gain channel 

41 CDEC2_LO Analogue output  VI-stage bias for low gain channel 
42 CDEC1_MID Analogue input  VI-stage bias for mid gain channel 
43 IBIAS_MID Analogue output  
44 IBIAS_MID Analogue output  

VI-stage bias for mid gain channel 

45 CDEC2_MID Analogue output  VI-stage bias for mid gain channel 
46 GND Ground 0v Negative (ground) connection to power ring 
47 GND Ground 0v Negative (ground) connection to power ring 
48 VDD Power 2.5v Positive power supply to power ring 
49 VDD Power 2.5v Positive power supply to power ring 
50 IDIFF_LO Analogue output 1.5mA Differential stage bias current for low gain channel 
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Pin Name Type Value Function 

51 GND Ground 0v Negative (ground) connection for low gain channel 
52 GND Ground 0v Negative (ground) connection for low gain channel 
53 OUTN_LO (B1) Analogue output  Differential output signal from low gain channel 
54 NO CONNECT   For connection to VCM node 
55 OUTP_LO (B1) Analogue output  Differential output signal from low gain channel 
56 VDD_LO Power 2.5v Positive power supply for low gain channel 
57 VDD_LO Power 2.5v Positive power supply for low gain channel 
58 IDIFF_MID Analogue output 1.5mA Differential stage bias current for mid gain channel 
59 GND Ground 0v Negative (ground) connection for mid gain channel 
60 GND Ground 0v Negative (ground) connection for mid gain channel 
61 OUTN_MID (A2) Analogue output  Differential output signal from mid gain channel 
62 NO CONNECT    For connection to VCM node 
63 OUTP_MID (A2) Analogue output  Differential output signal from mid gain channel 
64 VDD_MID Power 2.5v Positive power supply for low mid channel 
65 VDD_MID Power 2.5v Positive power supply for low mid channel 
66 IDIFF_HI Analogue output 1.5mA Differential stage bias current for high gain channel 
67 GND Ground 0v Negative (ground) connection for high gain channel 
68 GND Ground 0v Negative (ground) connection for high gain channel 
69 OUTN_HI (A1) Analogue output  Differential output signal from high gain channel 
70 NO CONNECT    For connection to VCM node 
71 OUTP_HI (A1) Analogue output  Differential output signal from high gain channel 
72 VDD_HI Power 2.5v Positive power supply for low high channel 
73 VDD_HI Power 2.5v Positive power supply for low high channel 
74 GND Ground 0v Negative (ground) connection for bias generator 
75 GND Ground 0v Negative (ground) connection for bias generator 
 
 
76 VDD Power 2.5v Positive power supply for bias generator 
77 *** BIAS_IOUT Analogue output 128uA Reference current output to drive pin 78 
78 BIAS_IIN Analogue input 128uA Reference current input for bias generator 
79 VDD Power 2.5v Positive power supply for bias generator 
80 VDD Power 2.5v Positive power supply for bias generator 
81 OFFSET2 Analogue input  Offset current for high gain differential output 
82 OFFSET1 Analogue input  Offset current for mid gain differential output 
83 OFFSET0 Analogue input  Offset current for low gain differential output 
84 GND Ground 0v Negative (ground) connection for bias generator 
85 GND Ground 0v Negative (ground) connection for bias generator 
86 CDEC2_HI Analogue input  VI-stage bias for high gain channel 
87 IBIAS_HI Analogue output  VI-stage bias for high gain channel 
88 CDEC1_HI Analogue output  VI-stage bias for high gain channel 
89 VDD Power 2.5v Positive power supply for digital I2C logic 
90 GND Ground 0v Negative (ground) connection for digital I2C logic 
91 SDA Digital input  I2C Data input signal 
92 SDA_OUT Digital output  I2C Data output signal 
93 SCL Digital input  I2C Clock input signal 
94 *** CALIN Digital input  Full scale digital input calibration pulse 
95 *** RESET_N Digital input  I2C Reset (active low) 
96 *** TEST_DS Digital input  Scan chain clock 
97 TEST_SI Digital input  Scan chain input 
98 TEST_SO Digital output  Scan chain output 
99 GND Ground 0v Negative (ground) connection for digital I2C logic 
100 VDD Power 2.5v Positive power supply for digital I2C logic 
 
*** indicates changes to the pin definitions between version 1 and version 2 of the chip. 
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4. CONTROL INTERFACE 

The MGPA is fitted with an I2C interface containing 6 read/write registers.  The logic is 
designed to be protected against single-event upset (SEU):  All registers are triplicated within 
the design, their outputs passing through voting logic which selects the majority vote. 

4.1 Device Address 

I2C protocol implements a 7 bit chip address, where for the MGPA the upper 4 bits are tied to 
logic ‘1’.  The lower three bits are available on pins 2,3,4 allowing for eight MGPA devices to 
be individually addressed on any one I2C bus.  These pins should be tied low/high on the 
PCB, to give chip addresses in the range 0x78 → 0x7F. 

4.2 I2C Pins 

SCL Input The I2C clock signal, driven by the master controller (CCU) 
I2C operation is specified at 400kbit/s 
This signal will be held high by the master controller when the I2C 
interface is not in use 

SDA Input The I2C data signal, driven by the master controller (CCU). 
This signal is held high by an PCB mounted pull-up resistor and 
pulled low by the master controller. 

SDA_OUT Output The I2C data signal, driven by the slave device 
This signal is held high by an PCB mounted pull-up resistor and 
pulled low by the master controller.  
The SDA and SDA_OUT signals may be shorted together for a 2-wire 
I2C interface. 

 

4.3 I2C Registers 

Address 
 

Name Function Reset value 

0x00 GENERAL <0> Calibrate Pulse enable 
<7:1> Spare 

00000001 

0x01 OFFSET0 <7:0> Low gain channel offset current 01000000 
0x02 OFFSET1 <7:0> Mid gain channel offset current 01000000 
0x03 OFFSET2 <7:0> High gain channel offset current 01000000 
0x04 OFFSET3 <7:0> Spare 00000000 
0x05 DACCAL <7:0> Calibration pulse magnitude 00000100 
 

4.4 I2C Protocol 

The I2C operation is designed for compatibility with the CCU chip and therefore employs 
“RAL-MODE” functionality as used in the APV design.  This mode of operation is governed 
primarily by the Philips standard for I2C communications.  “RAL-MODE” in particular 
defines an extended addressing scheme for reading and writing as defined below.  Note also 
that acknowledge signals are assumed to be ignored by the controller and therefore 
incremental addressing is unavailable: Only single register read/write operations are 
possible. 
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4.4.1 I2C Write 

Data is written to the MGPA in three 8-bit words, each followed by an acknowledge sent by 
the receiving device.  The words are defined as follows 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
CHIP ADDRESS [6:0] 0 

REGISTER ADDRESS [6:0] 0 
DATA VALUE [7:0] 

 

4.4.2 I2C Read 

Data is transferred from the MGPA as a two part operation.  First, a device is accessed for 
writing, and a particular register in that device is addressed for reading.  In the following 
operation the same device now is accessed for reading and it responds by sending back the 
previously defined register. 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
CHIP ADDRESS [6:0] 0 

REGISTER ADDRESS [6:0] 1 
 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
CHIP ADDRESS [6:0] 1 

DATA VALUE [7:0] 
 

5. SCAN CHAIN FUNCTIONALITY 

The digital I2C unit is synthesised with scan-chain flip-flops for testing purposes.  The scan 
path comprises 176 registers. 

The four digital signals associated with the scan chain are detailed below: 

TEST_DS The test-mode clock signal (“data_source”) 
TEST_MODE The test-mode enable signal (active high) 
TEST_SI The test data input pin  
TEST_SO The test data output pin 

 

By driving TEST_MODE to VDD the data paths and clock tree inside the I2C logic are 
switched to their test mode configuration.  In this configuration all registers are arranged in a 
chain and clocked by “data_source” to form one large shift register.  As such, the internal 
state of every register may be extracted at any particular moment.  Alternatively, “stuck-at” 
tests may be achieved by passing all zeros into the shift register and then observing a single 
‘1’ pass through the entire chain unaltered. 

During normal chip operation TEST_MODE should be held low. 
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6. CALIBRATION PULSE GENERATOR 

This feature is controlled by bit 0 of register 0 in the I2C interface.  The default setting for this 
is ON.  When the I2C register is set to zero, it will inhibit any signal on CALIN affecting 
CALOUT.  When the corresponding register bit logic ‘1’ to bit zero of the GENERAL register 
this allows an input on CALIN to pull CALOUT either to ground or to a potential set with 
external components and the VCAL pin.  This forms the input charge test pulse for calibration 
measurements.  The value held in the DACCAL register closes the corresponding switches in 
the resistor network as illustrated changing the voltage seen at VCAL. 
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6.1 Calibration Pulse Lookup Table 

Simulation results are presented below in a quick reference lookup table for the calibration 
pulse DAC.  The voltage at VCAL is calculated for a 2.5v power supply.  Entries which have 
been greyed out represent circuit configurations in which the output node is directly 
connected to 2.5v and also nodes in the resistor stack.

VCAL Reg Value 

0.06 00000001 
0.07 00000011 
0.08 000001X1 
0.09 00001XX1 
0.12 0001XXX1 
0.17 00000010 
0.18 001XXXX1 
0.21 00000110 
0.23 00001X10 
0.30 0001XX10 
0.33 01XXXX11 
0.34 01XXXX01 

0.41 00000100 + 
0.42 001XXX10 
0.46 00001100 
0.58 0001X100 
0.64 00001000 
0.72 01XXXX10 
0.78 001XX100 
0.80 00011000 
1.03 001X1000 
1.11 00010000 
1.17 01XXX100 
1.35 00110000 
1.43 01XX1000 
1.57 00100000 

1.74 01X10000 
1.9 1XXXXXX1 
2.04 01000000 
2.20 100XX110 
2.21 1XXXX110 
2.22 11XXX010 
2.36 1XXXX100 
2.41 1XXX1000 
2.45 1XX10000 
2.46 1X100000 
2.47 11000000 
2.50 10000000 

 

+ The default (reset) setting for the I2C register “DACCAL” is 0000100 

7. OFFSET CURRENT GENERATION 

Offset currents for the differential output circuit of each channel are generated on-chip and 
may be set by writing to the corresponding 8-bit I2C register as detailed below: 

I2C 
Register  

I2C 
Address 

Function Reset Value 

OFFSET0 0x01 Low gain channel offset 01000000 
OFFSET1 0x02 Mid gain channel offset 01000000 
OFFSET2 0x03 High gain channel offset 01000000 

 

The on-chip offset current generator uses weighted current mirrors and switches to generate 
an output current between 0 and Imax dependant on the 8-bit value held in the I2C register.   

The following table shows the output current contribution of the bits of the control word. 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

4 Iref 2 Iref 1 Iref 1/2 Iref 1/4 Iref 1/8 Iref 1/16 Iref 1/32 Iref 

The maximum current output Imax is approximately equal to 8 * Iref where Iref is the input 
reference current BIAS_IIN.  

For example a 128uA reference current will provide current in a 256-step linear scale between 
0 and 1mA. 

The on-chip current reference circuit provides a ~100uA current output intended to be wired 
directly to the BIAS_IIN external to the chip. 
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8. APPENDICES 

 

8.1 Additional Documents 

These additional pages should be attached to this document on the pages that follow: 

• Functional Block Diagram 

• MGPA Version 2 Bonding Diagram. 

• Package Technical Drawing: External dimensions. (Atlantic Technology) 

• MGPA Chip external components 

 

8.2 PCB Layout and peripheral circuit notes 

The appendices include a figure that shows a schematic of the chip with external components.  
The power supplies are separately filtered to each of the three gain channels to prevent 
crosstalk.  All decoupling components should be close in to the chip pins (0402 and 0603 
components are necessary). 

Components R20 and R21 have been found necessary to prevent oscillation due to parasitic 
bond wire/package inductance, and to reduce this the input pad has been triplicated for this 
version of the chip. The values for these components shown work well in simulation but may 
be affected by layout considerations and should be regarded as select-on-test for a particular 
PCB layout. 

The first stage feedback components R1/C1 set the gain and decay time of this stage. To 
achieve matching between chips these should be specified as 1% tolerance. The output 
differential termination components should also be specified as 1% tolerance to achieve the 
pulse shape matching specification between channels and chips. Care should be taken with 
the layout to avoid significant differences in parasitic capacitances between channels here for 
the same reason. 
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