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1 Introduction. 
 
The proposal for implementing the optical Front-End-Link on the ATLAS LArg Front-
End-Board requires a dedicated ASIC designed to interface the serialiser/driver to the 
FEB. Since the Glink is used in double frame mode, the incoming digitized parallel data 
of 32 bits at 40.08 MHz must be multiplexed into 16 bits at 80.16 MHz. 
 
This document provides technical specifications of the SMUX and detailed information 
about its production quality assurance. The SMUX and its application in the FEB-ROD 
optical data link has been already described in references [1] and [2]. However, there has 
been a small design modification since these documents. The modification came from the 
fact that the design has been made with the main assumption that the 80Mhz clock 
generated by a PLL inside the HDMP-1022 should have a 50% duty cycle. Further 
studies on the HDMP-1022 found out that this duty cycle is (62.4 +/- 0.9)%. The reason 
for this deviation from 50% is understood to be due to the difference in the rise and in the 
fall times of the TTL driver used in the HDMP-1022 for the STROBOUT signal. Based 
on this knowledge simulation studies have been carried out on the SMUX. It pointed out 
a timing margin.of 700 ps inside the SMUX data multiplexing flow, which is too low for 
the robustness of the full link. The simulation also identified that the timing limitation is 
the stability of the data at the multiplexer cell's outputs before the arrival of the rising 
edge of the clock latching it in the output registers. We call “timing margin” the safety 
margin to this timing limit. Two solutions were proposed, we chose the one that does not 
induce significant modifications in the architecture. With this upgraded SMUX design we 
found now that the timing margin is improved by 1.5ns (compared to the previous 
version). Detailed tests results on many chips show that the SMUX can cope with a 
STROBOUT duty cycle up to 76%. 
 
2 Technical requirements. 
 
2.1 Specifications for the interface with the FEB data and clock signals. 
 
Some main outstanding features of this ASIC could be related to a set of three signals 
coming from the FEB: 
• the 40 MHz clock lhc_clk (TTL level). 
• the Gain Selectors deliver 32 (total) readout data signals at 40 MHz; (LVDS level) 
• a DATA_VALID signal (LVDS level) is synchronously delivered with the data of 

one Gain Selector from each half FEB. 
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Figure 1: Setup and hold time. 
 
The data signals, including DATA_VALID, must be registered into the SMUX on the 
rising edge of the lhc_clk. The propagation delay of the signals to the SMUX could range 
from 2ns to 6ns. The signals will not come out at the same time, since they need to come 
through different path length, depending on the location of the source (Gain Selector) on 
the FEB. It is safe to assume a hold time of at least 2 ns, that leads to a setup time tsetup 
less than 10 ns. Figure 1 illustrates this  timing relationship. 
The Front-End-Link is supposed to transfer to the Read-Out Driver (ROD) 32 bits of data 
on each LHC clock cycle from the FEB. During cycles when DATA_VALID is not 
asserted, the contents of the data lines are all zeros. The Front-End-Link implementation 
can choose to send low-level protocol data during these cycles to improve the reliability 
of the link. The receiver must either restore the all-zero data, or signal the 
DATA_VALID condition to the ROD. DATA_VALID is low for a minimum of eight 
clock cycles between successive events. In normal data acquisition mode, with auto gain 
selection enabled, there will be a minimum of 32 cycles between events. 

 
2.2 Specification for the interface to the Glink HDMP1022. 

  
Figure 2 : The Glink timing diagram. 
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The Multiplexer design must satisfy the timing constraints at figure 2 to operate at the 
input of the Glink HDMP1022 emitter chip: 
 
• the 80.16 MHz clock (STROBOUT) returned by the serialiser has its falling edges 

4ns (Tstrb) after each transition of the 40.08MHz clock at the input of the serialiser 
(STROBIN), 
 

• the serialiser samples its input bus 6.25 ns after the STROBIN edges, 
 

• the 16 bit data word (GL(15,0)) should be applied to the serialiser input bus, centered 
around the predefined sampling time with a minimum value for the setup time (Ts) 
and the hold time (Th) of 2 ns, 

 
These timing constraints come from the Glink datasheets [3]. 
 
3 The SMUX overview. 
 
3.1 The SMUX block diagram. 
 
The Single-MUX block diagram is illustrated by figure 3.  
 

 
Figure 3 : The multiplexer block diagram. 

 
The single MUX (SMUX) chip is produced in the DMILL technology via a dedicated 
Multi-Project Wafer (MPW) run which will include also other digital chips for ATLAS. 
In the current schedule the production run is planned by May 2003. The pre-production 
series of the SMUX is already at hand. 
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3.2 The SMUX design. 
The SMUX previous schematics is shown in figure 4 

  
Figure 4 : The SMUX previous (or old) schematic. 

 

 
Figure 5 : The SMUX upgraded version schematic. 

 
This design has been made with the main assumption that the 80Mhz clock generated by 
a PLL inside the HDMP-1022 should have a 50% duty cycle. It came out finally that this 
duty cycle is (62.4 +/- 0.9)%. The reason for this deviation from 50% is understood to be 
due to the different rise and fall times of the TTL driver at the STROBOUT.  
Simulation studies have been carried out on the SMUX based on this measurement. We 
find a 700 ps timing margin inside the SMUX. This timing margin is too low for the 
robustness of the full link. The simulation also identified that the timing limitation is the 
stability of the data at the multiplexer cell's outputs before the arrival of the rising edge of 
the clock latching it in the output register. We chose a solution that do not induces a 
significative modification of the architecture. This upgraded version is shown at figure.5. 
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We just added two gates delay (indicated in red) in the path of the 80Mhz clock going to 
the output register’s latch. This modified SMUX design with a 2.2 ns timing margin (at 
50% duty cycle for each clock) has been submitted for the April 2002 DMILL 
engineering run. A comparison simulation results between the old and the upgraded 
version is shown in tables (1a) and (1b). The parameter simulated is so call “timing 
margin”. It could be seen to be the set-up time for the output registers following the 
multiplexer cells inside the SMUX chip. The multiplexed data must be stable at least 
since this margin time before the arrival of the registration rising edge clock. 
 

Duty cycle clock 40MHz@T = 25°C
36% 50% 70% Version

ERROR ERROR ERROR old
67% 1.5ns 1.5ns ERROR upgraded

clock 80MHz 2.23ns 2.23ns ERROR old
Duty cycle 50% 3.25ns 3.25ns ERROR upgraded

4.74ns 4.66ns ERROR old
30% 5.75ns 5.75ns ERROR upgraded  Table 1.a : The simulation of the timing margin at different clock duty cycle  

and at room temperature. 
 

Duty cycle clock 40MHz @T = 80°C
36% 50% 70% Version

ERROR old
67% 1ns upgraded

Duty cycle 1.62ns old
clock 80MHz 50% 2.74ns upgraded

ERROR old
30% ERROR upgraded  Table 1.b : The simulation timing margin at different clock duty cycle and at 80 oC. 

 
The slowest model files was used for these simulations. One could see that at 67% duty 
cycle for the 80Mhz, the upgraded design is still working with a margin of 1.5ns, while 
the old design is not working. Chips of the upgraded design arrived at ISN in November 
2002 and passed functional tests. Detailed analog tests on 5 chips show that the SMUX 
can cope with a STROBOUT duty cycle up to 76%. This agrees with our simulation 
results with the typical model files. Given the dispersion over a series of chips in a 
DMILL production, the margin measured on 5 chips is large enough for us to feel 
confident about the worse case on the complete series. The table 2 shows the 
measurement results. 
 
SMUX revised design duty cycle limit on HDMP-1022 StrbOUT 
Device measured SMUX1 SMUX2 SMUX3 SMUX4 SMUX5 
Low level duration (ns) 2.96 2.96 2.64 2.80 2.67 
Duty Cycle (%) 76.3% 76.3% 78.9% 77.6% 78.6% 

 
Table 2 : The testing results for 5 samples of the upgraded chip. 
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The previous SMUX design had a duty cycle limit at 66% hence we found an 
improvement of 10% extra timing margin on the duty cycle. So we found that this 
upgraded version of the SMUX chip overcame the 80Mhz duty cycle problem which 
arose from the GLINK serialiser. The chip has been successfully tested on the FEB board 
and the full link worked properly while the reference clock varies from 40Mhz up to 
46Mhz. 
3.3 Pinout and mounting considerations. 
The SMUX chip will be delivered in a PQFP120L package with the following main 
characteristics : 
• body size : 28 mm * 28 mm 
• footprint: body + 3.2mm = 31.2mm * 31.2mm 
• package's thickness (A2) = 2.7mm 

 
Lead count  120 L 
Body thickness  3.49 
Footprint  3.20 
Dimension Tolerance  
A Max 4.07 
A1 Min 0.25 
A2 ± 0.10 3.49 
D ± 0.25 31.20 
D1 ± 0.10 28.00 
E ± 0.25 31.20 
E1 ± 0.10 28.00 
L + 0.15/ - 0.10 0.88 
E Basic 0.80 
B ± 0.05 0.35 
Ccc Max 0.10 
Ddd  0.20 nominal 
θ  0° - 7° 

Figure 6 : The QFP120L(28*28) package profile. 
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Figure 7: The bonding diagram. 

 
1 GND 31 GND 61 GND 91 GND 
2 GL_b[3] 32 NC 62 NC 92 DATAINp[22] 
3 GL_b[4] 33 GND 63 DATAINp[9] 93 DATAINn[22] 
4 GL_b[5] 34 GND 64 DATAINn[9] 94 DATAINp[23] 
5 GL_b[6] 35 VDD 65 DATAINp[10] 95 DATAINn[23] 
6 GL_b[7] 36 VDD 66 DATAINn[10] 96 DATAINp[24] 
7 GL_b[8] 37 NC 67 DATAINp[11] 97 DATAINn[24] 
8 GL_b[9] 38 NC 68 DATAINn[11] 98 DATAINp[25] 
9 GL_b[10] 39 NC 69 DATAINp[12] 99 DATAINn[25] 
10 GL_b[11] 40 DVALID2p 70 DATAINn[12] 100 DATAINp[26] 
11 GL_b[12] 41 DVALID2n 71 DATAINp[13] 101 DATAINn[26] 
12 GL_b[13] 42 DATAINp[0] 72 DATAINn[13] 102 DATAINp[27] 
13 STROBIN_b 43 DATAINn[0] 73 DATAINp[14] 103 DATAINn[27] 
14 GL_b[14] 44 DATAINp[1] 74 DATAINn[14] 104 DATAINp[28] 
15 GL_b[15] 45 DATAINn[1] 75 DATAINp[15] 105 DATAINn[28] 
16 DVALID 46 DATAINp[2] 76 DATAINn[15] 106 DATAINp[29] 
17 NC 47 DATAINn[2] 77 DATAINp[16] 107 DATAINn[29] 
18 NC 48 DATAINp[3] 78 DATAINn[16] 108 DATAINp[30] 
19 VDD 49 DATAINn[3] 79 DATAINp[17] 109 DATAINn[30] 
20 VDD 50 DATAINp[4] 80 DATAINn[17] 110 DATAINp[31] 
21 GND 51 DATAINn[4] 81 DATAINp[18] 111 DATAINn[31] 
22 GND 52 DATAINp[5] 82 DATAINn[18] 112 DVALID1p 
23 NC 53 DATAINn[5] 83 DATAINp[19] 113 DVALID1n 
24 NC 54 DATAINp[6] 84 DATAINn[19] 114 CLK40_b 
25 NC 55 DATAINn[6] 85 DATAINp[20] 115 STROBOUT_b 
26 NC 56 DATAINp[7] 86 DATAINn[20] 116 FLAG_b 
27 NC 57 DATAINn[7] 87 DATAINp[21] 117 GL_b[0] 
28 NC 58 DATAINp[8] 88 DATAINn[21] 118 GL_b[1] 
29 NC 59 DATAINn[8] 89 BIAS_b 119 GL_b[2] 
30 VDD 60 VDD 90 VDD 120 VDD 

Table 3 : The pinout table. 
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4. Radiation tests. 
 
The reported radiation test results are related to the first SMUX design that differs from 
the upgraded version by the addition of two extra delay gates in the 80 MHz clock flow 
(4 delay gates in the upgraded version instead of 2 in the old SMUX schematics – see 
figures 4 and 5). 
TID tests were carried out with Co-60 Gamma source. NIEL and SEE tests were carried 
out with neutrons ranging from 3 MeV to 30 MeV. The results were convoluted with the 
simulated ATLAS neutron energy spectrum to obtain the SEE error rate estimated for the 
ATLAS environment [4]. SEE tests were also carried out with protons ranging from 20 
MeV up to 160 MeV. The tests results are summarized in the following table, and are 
documented using the ATLAS standard reporting forms. 
 

Components # Device tested Dose/Fluence Results 
 

6 w/ TID 1.5 Mrad No error observed 
6 w/ NIEL 3 1014 n/cm2  No malfunction from NIEL 

Single-MUX 
(ASIC) 

6 w/ neutron,  
2 w/ proton 

3 1014 n/cm2 

1.2 1012 p/cm2 
No Hard, destructive SEE 

observed 
Soft SEE 0.1% of that of the G-

Link 
 

Table 4 : Radiation test results. 
 
 
 
 
5. The production testing procedure. 
 
ISN will perform a 100% chip screening. This is carried out in 3 steps: the labeling, the 
functional tests with the BERT and the parameters measurements with the Integrated 
circuit Measurement Setup (IMS). 
 
5.1 The SMUX labeling. 
 
A serial number is printed on each chip upon its arrival at ISN. This is done with the 
automated test system developed in Grenoble for the ATLAS shapers and SCA chips [5]. 
This test system has an ink-jet labeling machine. We use this ink-jet labeling machine to 
tag a serial number together with a bar code on the white blank space on top of the chip. 
The serial number on each chip is recorded together with all the testing results in a text 
format file to be entered in ATLAS database. 
 
5.2 The SMUX functional tests. 
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We have developed a Bit Error Tester (BERT) [6] for the functional tests. The tests are 
performed with simulated FEB data, in a full, calibrated Optical Link condition. The 
BERT block diagram is shown in Figure 8. 
 

  
Figure 8. BERT block diagram. 

 
The basic idea is to build a system capable to send a flow of ATLAS like data in parallel 
through two different paths. One path is the reference, and the other follows the full 
optical link to be tested. The BERT is also capable to synchronize, read and compare the 
out-coming data from both paths. It includes a pattern generator and provides an interface 
to a computer for on-line monitoring. It was our reference testing set-up that has been 
used to check successfully the full link in laboratory for many weeks, and also for 
irradiations tests. Hence, any SMUX chip which will pass this second test step will have 
a specific serial number, and qualifier to work with the full link. 
 
5.3 The SMUX testing with an Integrated circuit Measurement Setup (IMS). 
 
The last step in the production testing chain is the measurement of parameters with the 
IMS set-up which is a 100 MHZ digital circuit tester. This equipment is available via a 
laboratory in Grenoble. It will be used to check the min and max values for the interface 
parameters (Tsrb, setup and hold times). The IMS input/output timing diagram test vector 
is explained in Figure 9 and one could see how each parameter will be measured. The DC 
power consumption will be measured also at the same time. The main contribution to this 
parameter will be the LVDS to CMOS translators which consume 2mW each. So a first 
estimation of the total DC power consumption is 2mW*(32+2) =64mW.  
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The total dynamic power consumption at 40MHZ is estimated to be 300mW. 

 
Figure 9. IMS set-up input/output test vectors. 

 
The resolution for the IMS tester is 100 ps. We must define a set of min / max values for 
each timing parameter (A,B,C,D,E,F) in the above figure 10 , that leads to the set of 
parameters to be checked as follows: 
A-> Tstrb delay simulated between the 40 MHZ and 80 MHZ clock (see Figure 2) 
B-> 40 MHZ duty cycle limits that the Glink could tolerate 
C, D -> setup and hold time on the FEB side (see Figure 1) 
E, F-> setup and hold time on the Glink side (see Figure 2), the data is registered at Tstrb 
before the rising edge of the 80 MHZ clock 
 
 
Parameters Minimum value Maximum value 
DC Power dissipation   
A (Tstrb)   
B   
C   
D   
E   
F   
 

Table 4 : SMUX parameters to be measured. 
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There are 89 I/O to be tested on the single mux : 
• 34 differential inputs : 32 data in, 2 data valid 
• 19 single ended output : 16 data out, 1 data valid, FLAG and STRBIN 
• 2 single ended inputs : CLK40 and STRBOUT 
 
But the IMS tester provide only 48 I/O therefore we could not  test each input of the 
single mux independently . So we decided to connect together on the testing board some 
SMUX inputs (Eni and Epi in figure ???) as follow, leading into only 47 I/O under test : 
E0 = DATAIN0, DATAIN8, DATAIN23 
E1= DATAIN1, DATAIN9, DATAIN31 
E2= DATAIN2, DATAIN22, DATAIN30 
E3= DATAIN10, DATAIN21, DATAIN29 
E4= DATAIN3, DATAIN11, DATAIN20 
E5= DATAIN4, DATAIN12, DATAIN28 
E6= DATAIN5, DATAIN19, DATAIN27 
E7= DATAIN13, DATAIN18, DATAIN26 
E8= DATAIN6, DATAIN14, DATAIN17 
E9= DATAIN 
7, DATAIN15, DATAIN25 
E10= DATAIN16, DATAIN24 
 
We took care to never connect together any adjacent inputs, this is important to be 
capable during the test, to detect if there is any bounding problems with the chip. 
 
The testing board schematic is shown in figure 10. It is an interface board to be plugged 
into the IMS tester: it includes the test socket and a set of very precise matching 
impedance from the tester I/O to the SMUX chip. 
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Figure 10. SMUX test board. 
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