˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 P r o j e c t S p e c i f i c a t i o n P r o j e c t N a m e : A T L A S B i n a r y C hip (A B C ) V e r s i o n : 5 . 0 1 R e v i s i o n H i s t o r y RevisionChange Description, Pages RevisedEngineer in ChargeDateApproved

1 . 0 0 Initial draft version.D. Campbell

2 . 0 0 D. Campbell

3 . 0 0 D. Campbell05-Jun-96

3 . 0 3 D. Campbell16-Jul-96

4 . 0 0 D. Campbell15-Nov-96

4 . 0 3 Final update before first fab submissionD. Campbell25-May-97

4 . 0 4Finalpadcoordinatesincluded;Some cleanup of formatting.D. Campbell15-Jul-97

5 . 0 0Changes before second submission:Addsomedocumentsto"RelatedDocuments";Rephrase some Requirements for clarity;Change reference from CAFE-M to CAFE-P;AddthirdDACforIVI1;DAC registers cleared by Power-up Reset;Add "en" output in Fig. 3.2.1 & Table 3.2.1a;Add pulseinputreg column to Figure 3.2.1.b;Modify signals in Figure 3.2.9 and Table 3.2.9a;Remove Cal_Enable from Table 3.2.9b and Table 3.2.10;Add DataoutDelay bit to Table 3.2.9b;Fix Table 3.2.10;Spec value of counters after resets;Add test pads and test circuitry to Section 3.2.17;Correct spec of Trailer to "1" + 15 "0";ExpandErroneousCommandHandlingSpec;Spec load order of Mask Reg in Table 3.2.19b, note thatload order is changed from first chip submission;Spec supply voltage min/max;Add table for power consumption;Correct electrical spec for Hit Input;Add spec for pull-ups/-downs on input padsAdd Section for timing specs;Modify spec for IDAR input;Renumber figures and tables by section number;Clean up figure formatting;Improve misc. formatting;M. French11-Jan-99

5 . 0 1Updateaftersecondsubmission:Final pad layout included in Table 3.2.27 & Figure 3.2.27b;ReplacereferencestoLEDwithdatalink;Make Figure 3.1 more complete;Pipeline length increased to 132;Correct Table 3.2.9b to 4 clk delays for Dataout Delay bit;ID(4) changed to pull-down (Sec. 3.2.15 & Table 3.2.24a);Correct allowed values for Field 3 in Section 3.2.19.4;Add TBD power for no clk modes in Table 3.2.25b;Add more TBD entries for clk timings in Table 3.2.26a;Add spec for Calibration Output Timing (Table 3.2.26b);Improve some descriptions and formatting.M. French21-Jul-99

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

T a b l e o f C o n t e n t s 1 . S C O P E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71.1. ATLAS BINARY F RONT E ND R EADOUT A R C H I T E C T U R E .................................................... 72 . R E L A T E D P R O J E C T S A N D D O C U M E N T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 . T E C H N I C A L A S P E C T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83.1. REQUIREMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83.2.SPECIFICATIONOFDELIVERABLES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 . 2 . 1 . I n p u t L e v e l T r a n s l a t o r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93.2.2. Input Register and Mask Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 . 2 . 2 . 1 . I n p u t R e g i s t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 3 . 2 . 2 . 2 . E d g e D e t e c t i o n C i r c u i t r y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 3 . 2 . 2 . 3 . C h a n n e l M a s k i n g R e g i s t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 3 . 2 . 3 . P i p e l i n e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113 . 2 . 3 . 1 . A c c u m u l a t o r R e g i s t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3.2.4. Readout Buffer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 . 2 . 4 . 1 . R A M a n d P o i n t e r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 3.2.4.2. Overflow Counter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 3 . 2 . 4 . 3 . F l a g L o g i c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3 3.2.5. Data Compression Logic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143.2.6. Readout Circuitry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 . 2 . 7 . R e a d o u t C o n t r o l l e r B l o c k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173 . 2 . 7 . 1 . L 1 C o u n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7 3 . 2 . 7 . 2 . B u n c h C r o s s i n g C o u n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 3.2.7.3. Event FIFO. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 3.2.7.4. Token Generation Logic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 3.2.7.5. Data Formatting Logic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 3.2.7.6. Serial Data Output Driver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 3 . 2 . 8 . C o m m a n d D e c o d i n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193.2.9. Configuration Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203.2.10. Calibration Logic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 213 . 2 . 1 1 . S t r o b e D e l a y R e g i s t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223.2.12. DAC Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 . 2 . 1 3 . D A C s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233 . 2 . 1 4 . C l o c k a n d C o m m a n d I n p u t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233.2.15. Chip ID.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243.2.16. Token Input/Output Circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253.2.17. Test Circuitry. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263 . 2 . 1 8 . R e a d o u t P r o t o c o l s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293.2.18.1. Module Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 3 . 2 . 1 8 . 2 . P h y s i c s D a t a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 3.2.18.3. No-Hit Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 3 . 2 . 1 8 . 4 . C o n f i g u r a t i o n D a t a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 3.2.18.5. Error Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 3.2.19. Control Protocol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323.2.19.1. Level 1 trigger Command:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 3 . 2 . 1 9 . 2 . F a s t C o n t r o l C o m m a n d : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 3 . 2 . 1 9 . 3 . C o n t r o l c o m m a n d s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 3 . 2 . 1 9 . 4 . E r r o n e o u s C o m m a n d s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2 3.2.20. Chip Initialisation and Configuration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333 . 2 . 2 0 . 1 . S e n d _ I D M o d e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 3 . 2 . 2 0 . 2 . D a t a _ T a k i n g M o d e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 3.2.20.3. Clock Feed Through Mode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 3.2.21. Resets. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343 . 2 . 2 1 . 1 . P o w e r - u p R e s e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 3 . 2 . 2 1 . 2 . S o f t R e s e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 3.2.21.3. BC Reset. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 3.2.22.DataReadoutandRedundancy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343.2.23. Default Register Values. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373 . 2 . 2 3 . 1 . M a s t e r / S l a v e S e l e c t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 7 3.2.24. Input/Output Connections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 3.2.25. Electrical Specifications. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383 . 2 . 2 5 . 1 . S u p p l y V o l t a g e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 8 3 . 2 . 2 5 . 2 . P o w e r C o n s u m p t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9 3 . 2 . 2 5 . 3 . P o w e r S u p p l y C o n n e c t i o n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9 3.2.25.4 Input /Output Levels. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9 3.2.26. Timing Specifications. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413.2.27. Physical Layout. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423.2.27.1. Bond Pad Arrangement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 3

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

L i s t o f T a b l e s a n d F i g u r e s F I G U R E 1 . 1 B LOCK D IAGRAM OF THE B INARY R EADOUT S Y S T E M ............................................................... 7F I G U R E 3 . 1 BLOCKDIAGRAMOFTHEBINARYREADOUTCHIP. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9F I G U R E 3 . 2 . 1 I NPUT L EVEL T R A N S L A T O R S I N P U T S / O U T P U T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10T A B L E 3 . 2 . 1 A I NPUT L EVEL T R A N S L A T O R I/O SIGNAL D E F I N I T I O N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10T A B L E 3 . 2 . 1 B TESTMODESFORINPUTLEVELTRANSLATOR. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10F I G U R E 3 . 2 . 2 INPUTREGISTERINPUTS/OUTPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11T A B L E 3 . 2 . 2 A INPUTREGISTERI/OSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11T A B L E 3 . 2 . 2 B MASKINGREGISTERMODESOFOPERATION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11F I G U R E 3 . 2 . 3 PIPELINEINPUT/OUTPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12T A B L E 3 . 2 . 3 P I P E L I N E I N P U T / O U T P U T S I G N A L D E F I N I T I O N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12F I G U R E 3 . 2 . 4 A BLOCKDIAGRAMOFTHEREADOUTBUFFER. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13F I G U R E 3 . 2 . 4 B READOUTBUFFERINPUT/OUTPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13T A B L E 3 . 2 . 4 READOUTBUFFERINPUT/OUTPUTSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14T A B L E 3 . 2 . 5 A DATACOMPRESSIONCRITERIA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14T A B L E 3 . 2 . 5 B DATACOMPRESSIONLOGICOUTPUTSTATES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15F I G U R E 3 . 2 . 5 D ATA C O M P R E S S I O N L OGIC I N P U T / O U T P U T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15T A B L E 3 . 2 . 5 C DATACOMPRESSIONLOGICINPUT/OUTPUTSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16F I G U R E 3 . 2 . 6 CONNECTIONSTOREADOUTCIRCUITRY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17T A B L E 3 . 2 . 6 READOUTLOGICINPUT/OUTPUTSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17F I G U R E 3 . 2 . 7 CONNECTIONSTOREADOUTCONTROLLERCIRCUITRY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18T A B L E 3 . 2 . 7 READOUTCONTROLLERINPUT/OUTPUTSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19F I G U R E 3 . 2 . 8 COMMANDDECODERINPUTS/OUTPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20T A B L E 3 . 2 . 8 COMMANDDECODERINPUT/OUTPUTSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20F I G U R E 3 . 2 . 9 C O N F I G U R A T I O N R E G I S T E R I N P U T S / O U T P U T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T A B L E 3 . 2 . 9 A CONFIGURATIONREGISTERINPUT/OUTPUTSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21T A B L E 3 . 2 . 9 B C O N F I G U R A T I O N R E G I S T E R C O N T E N T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21T A B L E 3 . 2 . 1 0 INTENDED E FFECT OF C ALIBRATION C ODES S ENT TO CAFE-P.................................................. 22F I G U R E 3 . 2 . 1 1 S T R O B E D E L A Y R E G I S T E R I N P U T S / O U T P U T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22T A B L E 3 . 2 . 1 1 STROBEDELAYREGISTERINPUT/OUTPUTSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22F I G U R E 3 . 2 . 1 2 DACREGISTERINPUTS/OUTPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23F I G U R E 3 . 2 . 1 3 I / O C O N N E C T I O N S T O D A C S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23F I G U R E 3 . 2 . 1 4 CLOCK&COMMANDDATAINPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24T A B L E 3 . 2 . 1 4 A CLOCKINPUT/OUTPUTSIGNALDEFINITIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24T A B L E 3 . 2 . 1 4 B CLOCKINPUTMODESOFOPERATION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24T A B L E 3 . 2 . 1 5 A G E O G R A P H I C A L A D D R E S S E S ( I D 5 - 0 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25T A B L E 3 . 2 . 1 5 B ABCGEOGRAPHICALADDRESSES(ID3-0). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25F I G U R E 3 . 2 . 1 6 A T O K E N A N D D A T A I N P U T S C I R C U I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25T A B L E 3 . 2 . 1 6 A T OKEN AND D ATA I NPUT S IGNAL D E F I N I T I O N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26F I G U R E 3 . 2 . 1 6 B T O K E N A N D D A T A O U T P U T S C I R C U I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26T A B L E 3 . 2 . 1 6 B T OKEN AND D ATA O UTPUT S IGNAL D E F I N I T I O N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26T A B L E 3 . 2 . 1 7 A DIRECTLYPROBABLETESTPADS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27F I G U R E 3 . 2 . 1 7 TESTMULTIPLEXORCIRCUIT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27T A B L E 3 . 2 . 1 7 B T EST M U L T I P L E X O R S I G N A L D E F I N I T I O N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27T A B L E 3 . 2 . 1 7 C T EST M U L T I P L E X O R S I G N A L D E F I N I T I O N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28F I G U R E 3 . 2 . 1 8 A M O D U L E D A T A F O R M A T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29F I G U R E 3 . 2 . 1 8 B I S O L A T E D H IT D A T A F O R M A T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30F I G U R E 3 . 2 . 1 8 C ADJACENTHITDATAFORMAT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30F I G U R E 3 . 2 . 1 8 D NULLDATAPACKET. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31F I G U R E 3 . 2 . 1 8 E CONFIGURATIONDATAPACKET. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 F I G U R E 3 . 2 . 1 8 F ERRORDATAFORMAT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31T A B L E 3 . 2 . 1 9 A COMMANDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32T A B L E 3 . 2 . 1 9 B CONTROLCOMMANDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33F I G U R E 3 . 2 . 2 2 A K EY TO SYMBOLS USED IN FOLLOWING D I A G R A M S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35F I G U R E 3 . 2 . 2 2 B DIAGRAMOFTHEINTERCONNECTIONOFABCCHIPSONASILICONDETECTORMODULE.............. 35F I G U R E 3 . 2 . 2 2 C DIAGRAMSHOWINGTHENORMALFLOWOFDATAANDTOKENSBETWEENCHIPS. . . . . . . . . . . . . . . . . . . . . . . 36F I G U R E 3 . 2 . 2 2 D DIAGRAMSHOWINGFLOWOFTOKENSANDDATAWITHAFAILEDSLAVEABCCHIP.................... 36F I G U R E 3 . 2 . 2 2 E DIAGRAMSHOWINGFLOWOFTOKENSANDDATAWITHAFAILEDMASTERABCCHIP. . . . . . . . . . . . . . . . . 37T A B L E 3 . 2 . 2 4 A INPUTSIGNALS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38T A B L E 3 . 2 . 2 4 B OUTPUTSIGNALS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38T A B L E 3 . 2 . 2 5 A S U P P L Y V O L T A G E R E Q U I R E M E N T S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38T A B L E 3 . 2 . 2 5 B CURRENTREQUIREMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39T A B L E 3 . 2 . 2 5 C INPUTLEVELSFORHITINPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39T A B L E 3 . 2 . 2 5 D OUTPUTLEVELSFORCALIBRATIONCODEOUTPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39T A B L E 3 . 2 . 2 5 E O UTPUT L EVELS FOR C A L I B R A T I O N S TROBE O U T P U T S ............................................................ 39T A B L E 3 . 2 . 2 5 F INPUTLEVELSFORLVDSINPUTS(CLOCK,CONTROL). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40T A B L E 3 . 2 . 2 5 G INPUT LEVELS FOR TOKEN AND DATA INPUTS (TOKEN_IN, DATA_IN)......................................... 40T A B L E 3 . 2 . 2 5 H OUTPUTLEVELSFORTOKENANDDATAOUTPUTS(TOKEN_OUT,DATA_OUT). . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40T A B L E 3 . 2 . 2 5 I OUTPUTLEVELSFORDATALINKOUTPUTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40T A B L E 3 . 2 . 2 5 J D A C I N P U T A N D O U T P U T L E V E L S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41T A B L E 3 . 2 . 2 6 A CLOCKTIMINGSPECIFICATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41T A B L E 3 . 2 . 2 6 B C A L I B R A T I O N O U T P U T T I M I N G S P E C I F I C A T I O N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41F I G U R E 3 . 2 . 2 7 A CHIPLAYOUT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42F I G U R E 3 . 2 . 2 7 B C H I P P A D L A Y O U T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43T A B L E 3 . 2 . 2 7 BONDPADCOORDINATES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

1 . S C O P E The aim of this project is to develop a chip suitable for the binary readout of the proposed LHC ATLAS Semi-ConductorTracker (SCT). This chip is to be based on the work already carried out for ATLAS, in particular the DDR2 chip andCDP128 chip. The chip will be designed to interface to the CAFE-P and the DORIC chips. In addition, it must also becompatible with the protocols for receiving and sending data as defined for the ATLAS silicon micro-strip detector. (SeeSection 2, documents 1, 3 and 14.) While the compatibility to the CAFE-P chip is required absolutely by this design itis noted that the previous version, named CAFE-M, should also be compatible with the ABC in all aspects except in theuse of the 4-bit DAC for which the CAFE-M has no compatible connection.

1 . 1 . A T L A S B i n a r y F r o n t E n d R e a d o u t A r c h i t e c t u r e The ATLAS binary front-end readout architecture is based on amplifier/discriminator and CMOS pipeline chips. In oneconfiguration this is arranged as two chips, a bipolar amplifier/discriminator chip ( CAFE-P) and a CMOS pipeline chip(ABC). The ABC chip reads out 128 channels of silicon strip data from a CAFE-P chip. Data are stored for the durationof the level 1 trigger (L1) latency in a 128 deep 1 bit pipeline. In normal data taking, the data corresponding to hit stripsare read out ("sparse" read out). Four modes of data read out are possible: in the Level mode the decision is based on thedata in the BC corresponding to the L1 trigger only, but in the Edge mode there must be a "0" in the channel for thebunch crossing preceding the trigger. The efficiency is highest for level mode but the occupancy may be up to a factor oftwo higher. The optimum mode to run will, therefore, depend on luminosity and therefore both modes of operationshould be possible. A third mode named Hit demands a "1" in any of three bunch crossings, that of the given L1 trigger,the one preceding and the one following. This mode is used for beam tests and diagnostics. The final mode ReadAllplaces no requirements on the data. All channels are read out. This mode is used during chip testing.In order to reduce dead time due to queuing losses all the data from an L1 trigger are transferred to an 8 deep de-randomising buffer. The dead time of the system should be less than 1% for a mean occupancy of 1% and a mean L1 rateof 100 kHz. The data from the 6 ABCs corresponding to one side of an SCT module are readout in a daisy chain via atoken passing scheme. The bunch crossing clock, the L1 trigger and the other control information are sent to the chipsfrom the DORIC chip.In order for the system to run reliably for many years at the LHC it must be immune to single point failures. If a singleABC on a module fails, then the module can be re-configured so that bypass lines are used to route data and tokens aroundthe bad chip. If a fibre optic data transmission link fails, then the data can be re-routed via the fibre optic link on theother side of the hybrid. If the clock and control link to a module fails, then the clock and control can be taken from aneighbouring module. Soft errors caused by a loss of a bit in data transmission or clock & control are detected in manycases by consistency checks on the data. This is informational since the system will be reset frequently to clear sucherrors,ratherthancorrectedonerrordetection.Errorscausedbybufferoverflowsaredetectedandlosteventsarelabeledassuch in the output data stream. Although an excess data rate can cause loss of data, it should never result in the databeing read out for the wrong trigger.

ABCABCABCABCABCABCCAFECAFECAFECAFECAFECAFE128128128128128128Silicon StripDetector

One Side ofDouble SidedSetector Module(Other side same)

Clock fromDORICCommands fromDORICData from bottomside of module todatalink driverData from topside of module todatalink driver2

2128128128128128128

F i g u r e 1 . 1 : B l o c k D i a g r a m o f t h e B i n a r y R e a d o u t S y s t e m

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

2 . R E L A T E D P R O J E C T S A N D D O C U M E N T S 1) CAFE-P ATLAS-SCT Specification.2)ABCD ATLAS-SCT Specification.3)DORIC4 ATLAS-SCT Specification.4)VDC ATLAS-SCT Specification.5)J.R. Gorbold and P. Seller, "DORIC. A Front End Clock and L1 Distribution Chip".6)Kanex Shankar, Nikhil Kundu et al., "Digital Read-out Chip for Silicon Strip Detectors at SDC".7)Joel DeWitt, "A 128-Channel Digital Pipeline Chip for Silicon Strip Detector Read-Out".8)Issy Kipsis, "CAFE: A Complementary Bipolar Analog Front End Integrated Circuit for the ATLAS SCT", 1995.9)K. Shankar, "DDR2RH Operating Manual".10)A. Ciocio, T. Collins, "A Binary Readout System for Silicon Strip Detectors at the LHC".11)F. Anghinolfi, et al., "AROW - A 128 Channel Analogue Pipeline with Wilkinson ADC and Sparsification ASIC"12)J. Gorbold, "AROW Specification for Input Decoding v.11".13)Eric Evans, "Requirements for Wilkinson ADC Based Digitisation and Sparsification Circuits for ATLAS".14)A. Grillo, et al., "Proposed Protocols for Data Transmission and Control Functions for the ATLAS Silicon Micro-strip Detector".15)A.R. Weidberg, "Dead Time Calculations for SCT Readout Architectures", ATLAS-INDET-124.

3 . T E C H N I C A L A S P E C T S

3 . 1 . R e q u i r e m e n t s 1)The chip will be designed to accept the 128 output signals from the CAFE-P amplifier and comparator chip2)At the start of each clock cycle the chip must sample the outputs from the CAFE-P and store these values in apipeline until a decision can be made whether to keep the data.3)Upon receipt of a Level 1 Trigger signal the corresponding set of values together with it’s neighbours are to becopiedintoanotherbuffer,thereadoutbuffer.4)The data written into the readout buffer is to be compressed before being transmitted off the chip.5)Transmission of data from the chip must be compatible with the ATLAS-SCT protocol. Data will be serializedfrom multiple chips via token passing.6)The chip will be responsible for supplying the CAFE-P chips with their calibration pulses.7)The chip is required to provide reporting of some of the errors that occura) Attempt to readout data from the chip when no data is available.b) Readout Buffer Overflow: The readout buffer is full and data from the oldest event/s has been overwritten.c) Readout Buffer Error: The readout buffer is no longer able to account for the data held in it. (Chip reset required)d) Configuration error (ChipID sent).8)The chip will incorporate such features that will enable it to be tested both at the wafer level and in situ. Testsinclude but are not restricted to:a) The functionality of input level translatorsb) Transmission of programmable pattern through the pipeline and readout circuitry.9)The chip shall incorporate features that will enable the system to continue operating in the event of a single chipfailure by bypassing the single failed chip.10) The fraction of data which is lost due to the readout buffer on the chip being full must be less than 1%. Thisassumes that on average only 1% of the silicon strip detectors are hit during any particular bunch crossing.11)DACs will be included on the chip to enable the thresholds of the comparators, the calibration amplitude and thefront-end bias current of the CAFE-P chip to be set .

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

12810128128128128DAC’SConfigurationPower-on RestSoft ResetL1 TriggerCommandDecoderClockPower-onRestWrite PointerRead PointerCommandTestHits In128128InputPadsCurrent toVoltageTranslatorsInputRegisterBadChannelMasking128X132Dual PortedRam array128X24ReadoutBufferDataCom-pressionDataReadoutLogicToken Out22Data InData Out22Token InThresholdsCalampBiasampReadoutControllerCalabrationLogicCalabrationStrobe &Cal Mode3322

MaskRegister& EdgeSensing

128Accum-ulator

128F i g u r e 3 . 1 : B l o c k D i a g r a m o f t h e B i n a r y R e a d o u t C h i p

3 . 2 . S p e c i f i c a t i o n o f D e l i v e r a b l e s

3 . 2 . 1 . I n p u t L e v e l T r a n s l a t o r s The outputs from the CAFE-P chip, which are fed to the inputs of the Binary Readout Chip are open collector to enablea low voltage swing current mode interface to be formed between the two chips. The input level translators on the ABCmust provide a source of current which can be sunk by the outputs of the CAFE-P chip. The line labeled "return"provides a return path for the current sunk by the CAFE-P outputs to be returned to the ABC to minimise any noisecoupling between the two chips. The inputs must also be able to detect the amount of current sunk by the individualoutputs of the CAFE-P chip and translate it into the logic levels used inside the Binary Readout Chip. The inputimpedance and circuit response time must ensure transition times <˚2˚ns on both the rising and falling edges. Theeffective threshold to distinguish between "hit" and "no-hit" signals from the CAFE-P is set by a high and low referencecurrent provided by the CAFE-P chip with threshold = (inrh+inrl)/2. The design of these inputs is such that the chip isoperational with inputs floating or shorted to ground. Built into the block will be the facility to selectively set a quarterof the input channels at a time to the level of a hit channel. This facility is required to enable the inputs to the chip tobe tested without the need to probe all input pads. The signals calmode(1:0) are used as a binary address to select one of4 groups of 32 channels to test. (See Figure 3.2.27b for the physical location of channel addresses.) These signals ared e r i v e d f r o m t w o b i t s i n t h e c o n f i g u r a t i o n r e g i s t e r n a m e d c a l m o d e ( 1 : 0 ) ( S e e T a b l e 3 . 2 . 9 b . ) T h e l o g i c s i g n a l s "test_inputs" and pulseintputreg are used as a test enable. When either is active, a current equal to inrh is injected intothe channels selected by calmode(1:0). The signal test_inputs is activated as a level with the bit named Test_Mode in theconfiguration register (see Table 3.2.9b). The signal pulseintputreg is a one clock wide pulse generated by a controlcommand. (See Table˚3.2.19b.) A special input named CA is provided to modify the effective threshold during chiptesting. The actual threshold will be (inrh+inrl)/2+CA. This input will be brought out to a test pad but is intended tobe unconnected during normal operation in which case CA will not modify the threshold.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 inrli(127:0)returntest_inputsCApulseinputregcalmode(1:0)

o(127:0)128128

2inrh4en(3:0)F i g u r e 3 . 2 . 1 : I n p u t L e v e l T r a n s l a t o r s I n p u t s / O u t p u t s T a b l e 3 . 2 . 1 a : I n p u t L e v e l T r a n s l a t o r I / O S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n

inrhHigh ref current (from CAFE-P chip) inrlLow ref (from CAFE-P chip) i(127:0)Hit Inputs (from CAFE-P chip)) returnSignal Return (to CAFE-P Chip)

CABipolar current to modify threshold during testing test_inputsHighEnables testing of inputs pulseinputregHighPulses test inputs calmode(1:0)Selects group of channels to be tested o(127:0)Data Outputs (to input reg.)

en(3:0)Select lines connected to test multiplexor. (See Section 3.2.17.)

T a b l e 3 . 2 . 1 b : T e s t M o d e s f o r I n p u t L e v e l T r a n s l a t o r t e s t _ i n p u t s [Config Reg bit 5]p u l s e i n p u t r e g [command]c a l m o d e ( 1 ) [Config Reg bit 3]c a l m o d e ( 0 ) [Config Reg bit 2]C h a n n e l s o f C h i p T e s t e d

00XXTestingdisabled

1X00in0, in4 in8,...in124 - Level Applied

1X01in1, in5 in9,...in125 - Level Applied

1X10in2, in6 in10,...in126 - Level Applied

1X11in3, in7 in11,...in127 - Level Applied

0High Pulse00in0, in4 in8,...in124 - Single Pulse

0High Pulse01in1, in5 in9,...in125 - Single Pulse

0High Pulse10in2, in6 in10,...in126 - Single Pulse

0High Pulse11in3, in7 in11,...in127 - Single Pulse

N.B.The calmode bits are also used for selecting the calibration mode of the CAFE-P chip. (See Section 3.2.10.)X = Don’t care state.

3 . 2 . 2 . I n p u t R e g i s t e r a n d M a s k R e g i s t e r The functions of the input register and mask register will be implemented in a single functional block. The input/outputconnections to this block are shown in Figure 3.2.2

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 .

128i(127:0) edgemodesinmodeclko(127:0) loadF i g u r e 3 . 2 . 2 : I n p u t R e g i s t e r I n p u t s / O u t p u t s T a b l e 3 . 2 . 2 a : I n p u t R e g i s t e r I / O S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n i(127:0)Hit Inputs (from input translators) loadActive High s i n Configuration Data Inputs modeSee Table 3.2.2b clkPosEdge o(127:0)Data Outputs (to pipeline) edgemodeHighEnablesedgedetectionlogic.

3.2.2.1. Input RegisterThis register latches the incoming data, delivering a well defined pulse width to the pipeline.

3.2.2.2. Edge Detection CircuitryThe function of this block is to detect a low to high transition in the data entering the chip, and for each of suchtransition found the circuit block outputs a pulse of duration 1 clock cycle irrespective of the length of the incomingpulse. The effect of this block is that only a single "1" is written into the pipeline for every hit detected regardless of ther e s p o n s e t i m e o f t h e C A F E - P c h i p . T h i s c i r c u i t r y c a n b e t u r n e d o n o r o f f b y s e t t i n g t h e a p p r o p r i a t e b i t i n t h e configuration register.

3.2.2.3. Channel Masking RegisterThis register serves a dual purpose. Firstly, the Channel Mask register enables any bad or noisy channels to be turned offthus preventing them from increasing the data rate to a level which would create dead-time from false hits. To turn a badchannel off the corresponding bit of the register should be set to a ’0’ and to turn a channel on the corresponding bitshould be set to a ’1’. Secondly, it can be used during chip testing to apply a set of test patterns to the pipeline. Theoperation of the mask register is controlled by a bit in the Configuration Register (See Section 3.2.9.) as shown in thetable below. The contents of this register can be changed by sending the appropriate control command to the chip.T a b l e 3 . 2 . 2 b : M a s k i n g R e g i s t e r M o d e s o f O p e r a t i o n .m o d e [Config Reg bit 7]M o d e o f O p e r a t i o n

0Normal Data Taking (Contents of register used to "Mask Inputs")

1Test Mode (Contents of mask register are used to supply test values to pipeline)

3 . 2 . 3 . P i p e l i n e T h i s c o n s i s t s o f a b l o c k o f d u a l p o r t e d R A M 1 2 8 - b i t s w i d e b y 1 3 2 l o c a t i o n s d e e p . T h i s m u s t r u n a t 4 0 ˚ M H z , synchronized to the LHC beam crossings. The RAM block is addressed by an address pointer. During data taking the

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 chip is instructed to write into the RAM and increment the address pointer every clock cycle. When the address registerreaches a count of 131, it automatically resets to zero on the following clock cycle. When a level one trigger arrives, thehit-pattern from the appropriate time bin is copied into the readout buffer together with the hit pattern from the previousand next clock cycle. There is also an accumulator register which spies on the pipeline.

3.2.3.1. Accumulator RegisterThis is a 128-bit wide by 1-bit deep register used for accumulating hits in the pipeline. This register marks all channelsthat have been hit since it was last cleared. If the Accumulator Mode is selected in the configuration register, an L1trigger results in the transfer of the contents of this accumulator into the readout buffer instead of the appropriate timeb i n s o f t h e p i p e l i n e . I n o r d e r t o m a i n t a i n b u f f e r s y n c h r o n i z a t i o n w i t h n o r m a l ( n o n - a c c u m u l a t o r ) L 1 r e a d o u t , t h e accumulator contents are transferred three times for each L1. This accumulator column is cleared by a power-up or softresetcommand.

128acenlevel1clrBclki(127:0)o(127:0)

128F i g u r e 3 . 2 . 3 : P i p e l i n e I n p u t / O u t p u t s T a b l e 3 . 2 . 3 : P i p e l i n e I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n i(127:0)Data Input acenHighEnables Accumulator Register level1HighReads Value out of pipeline clrBLowInitialises pipeline pointers and clearsaccumulatorregister clkPosedgeClock input o(127:0)Data Output

3 . 2 . 4 . R e a d o u t B u f f e r Data corresponding to each L1 trigger will be held in a Readout buffer pending readout. This data buffering is needed toremove the statistical fluctuations in the arrival time of L1 triggers. Data compression and read out will be started onlywhen this buffer is not empty. Three bits of data will be stored in this buffer for each channel per L1 trigger. These bitsrepresents the three bunch crossings centred on the L1 trigger time and are set if the input was above threshold during thecorresponding crossings. In the case when the Accumulator Register has been enabled, the contents of this register willbe copied into the buffer 3 times resulting in the same amount of data being written into the readout buffer regardless ofthe operating mode. This buffer will be 128 bits wide by 24 locations deep. This is sufficient to hold the data fromeight L1 triggers. This satisfies the ATLAS specification of maintaining

< ˚1% data loss at an L1 trigger rate of 100kHz and a strip occupancy of up to 1% [10].

3.2.4.1. RAM and PointersThis buffer will be implemented as a "barrel store", i.e. it will be addressed by 2 cyclic pointers, a write pointer and a readpointer. Once a pointer has reached the end of the block of RAM, it will return to the beginning of the block of RAMthe next time it is incremented.The write pointer will be allowed to go past the read pointer and over-write data that has not yet been read out. However,if this happens the Overflow flag will be set to indicate that data has been over-written. The read pointer will not be

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 allowed to pass the write pointer and if the read pointer should catch up with the write pointer the EMPTY flag will beset. This is to prevent attempts to readout the buffer when there is no data in it.

3.2.4.2. Overflow CounterA counter will be used to track the number of events that have been over-written in the buffer. This counter will beincremented for every time an event is written into the buffer while the buffer is full. The outputs from this counterrepresents the number of events from which data has been lost. This counter is decremented for every event that isreadout of the buffer, until it’s value reaches zero. Once its value has reached zero, it is no longer decremented. This isbecause in this state all the events from which data have been lost will have been cleared and none of the data in thebuffer will have been overwritten. Should this counter overflow, the ERROR flag will be set. This will occur after 16events have been overwritten. This flag will remain set until either a software reset, or power-up resets has been issuedtothereadoutbufferandassociatedlogic.

3.2.4.3. Flag LogicThree signals DATA_AVAIL, OVERFLOW and ERROR are produced by the readout buffer. DATA_AVAIL indicateswhen there is data in the buffer to be readout. This signal is used by the Data Compression logic to determine when tos t a r t a r e a d o u t c y c l e . O V E R F L O W i n d i c a t e s w h e n d a t a i n t h e b u f f e r h a s b e e n o v e r w r i t t e n a n d h e n c e d a t a l o s t . OVERFLOW occurs when the buffer contains more than 8 events i.e. 24 samples . This signal is sent to the readoutlogic which results in the readout logic sending an error message to say that data from the current event being readout hasbeen lost. Finally, the ERROR signal is generated when the buffer has overflowed and it has also lost track of thenumber of events from which data has been lost. This simulation occurs if the data from more than 16 events have beenlost. This flag can only be cleared by issuing a reset to the chip.

Write Pointer

Block of RAM24 X 128

Read PointerCKCK

Data In128L1Read128

L1ReadData OutErrorOverflowData_avail

BufferControlLogic

F i g u r e 3 . 2 . 4 a : B l o c k D i a g r a m o f t h e R e a d o u t B u f f e r

128writereadclrBclki(127:0)o(127:0)128data_availoverflowerror

F i g u r e 3 . 2 . 4 b : R e a d o u t B u f f e r I n p u t / O u t p u t s

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 4 : R e a d o u t B u f f e r I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n i(127:0)Data Input writeHighWritevalueintoreadoutbuffer readHighReadsvaluefromreadoutbuffer clrBLowResets buffers pointers and counter clkPosedgeClock input o(127:0)Data Output data_availHighDataavailableinbuffer overflowHighBufferOverflow errorHighBufferError

3 . 2 . 5 . D a t a C o m p r e s s i o n L o g i c It is anticipated that on any event very few channels will contain hits. This fact can be used to reduce the number of bitsof data that have to be read out of the chip for each event. The data compression logic works by examining in turn the 3bits of data that make up the hit pattern for each channel. Each group of 3 bits is compared against one of 4 selectablecriteria. If the pattern meets the criteria, then the hit pattern from that channel is sent to the readout circuitry fortransmission, if not, no data is sent from that channel and the hit pattern from the next channel is examined. Thisprocess is repeated until the hit patterns from all 128 channels have been examined. The following table shows the fourselection criteria. Note that the "Edge" criteria (mode=10) is an alternative to using the edgemode of the Input Register(See Section 3.2.2). The ReadAll criteria is intended for test purposes. These mode bits are set in the ConfigurationRegister. (See Section 3.2.9.)T a b l e 3 . 2 . 5 a : D a t a C o m p r e s s i o n C r i t e r i a m o d e ( 1 : 0 ) [Config Reg bits 1,0]N a m e o f S e l e c t i o n C r i t e r i a H i t P a t t e r n (Oldest data bit 1st)U s a g e

00Hit1XX or X1X or XX1Detector alignment

01LevelX1XNormal Data Taking

10Edge01XNormal Data Taking

11ReadAllXXXAll channels read out

N.B. X = Don’t care state.This block operates as follows:As soon as the chip receives an L1 trigger, the three 128-bit words that make up an event are written into the read outbuffer. This results in the empty flag on the readout buffer being negated, indicating that there is data to be processed.The data compression logic monitors the state of this flag until it finds that there is data available. Providing that it isnot already processing data, it then proceeds to read in the three 128-bit words that make up an event from the readoutbuffer.The next thing that happens is that the data compression logic re-arranges the order of the data from being 3 128-bitwords into 128 3-bit words. The reason for this is that the data compression algorithm requires all 3 samples of an eventto be examined in parallel.The data compression logic then starts to scan through all the channels in turn until it finds one which has a pattern ofhits which matches the data selection criteria. If it finds such a pattern of hits, it asserts the "datavalid" signal and placest h e p a t t e r n o f h i t b i t s o n t h e " h i t < 2 : 0 > " o u t p u t s a n d p l a c e s t h e a d d r e s s o f t h e h i t c h a n n e l o n t h e a d d r e s s o u t p u t s "ch<6:0>". The logic then waits until the readout logic signals it to proceed by asserting the "next" input. The datacompression logic responds to "next" by presenting the address and data for the next hit found if any. If the next hitfound is on the next adjacent channel, the "adj" is asserted with the data from the previous channel. If no more hits arefound, the "end" signal is asserted.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 In certain situations, e.g. in the case of a overflow of the readout buffer, it is not necessary for the data compression logicto process the data from the readout buffer but it is still necessary for it to read the 3 values from the buffer in order toflush them from the readout buffer. There are 3 cases when this happens, these are listed below in order of priority:1) When the chip is in its SEND_ID mode of operation.2) When the Readout Buffer error flag has been set.3) When the Readout Buffer overflow flag has been set.The following table shows how the datavalid, end and overflowout outputs are used to indicate the status of the datacompression logic.T a b l e 3 . 2 . 5 b : D a t a C o m p r e s s i o n L o g i c O u t p u t S t a t e s d a t a v a l i d e n d o v e r f l o w o u t c o n d i t i o n lowlowlown o e v e n t s a v a i l a b l e t o b e r e a d o u t i . e . r e a d o u t buffer empty.

highlowlowdata from hit channel waiting to be read out. (notlastchannel) highhighlowdata from last hit channel waiting to be read out.

lowhighlowall hits read out or no hits found lowlowhighdataforeventlostduetoreadoutbufferoverflow i(127:0)ch(6:0)clkclrB128

73hit(2:0)endmode(1:0)2 datavalidnextdataavailbuffrdadjsendidoverflowoverflowouterrorF i g u r e 3 . 2 . 5 : D a t a C o m p r e s s i o n L o g i c I n p u t / O u t p u t s

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 5 c : D a t a C o m p r e s s i o n L o g i c I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e I n p u t / O u t p u t A c t i v e S t a t e / E d g e F u n c t i o n i(127:0)inputData Input overflowinputOverflowoutputfromreadoutbuffer errorinputErroroutputfromreadoutbuffer sendidinputindicates chips mode of operation dataavailinputHighDataavailabletobereadout mode(1:0)inputSelectsdatacompressionmode nextinputHighFind next hit channel.

clrBinputLowResets logic clkinputPosEdgeClock Input overflowoutoutputHighOverflow output to readout circuitry adjoutputHighNextHitfoundonadjacentchannel ch(6:0)outputChanneladdressofHits hit(2:0)outputHit Data pattern datavalidoutputHighHit Data outputs valid endoutputHighLastChannelscanned buffrdoutputHighReadsValueoutofReadoutBuffer

3 . 2 . 6 . R e a d o u t C i r c u i t r y The readout circuitry will be responsible for capture and release of the token and outputting data from the chip. Thereadout circuit always waits until the token arrives. On arrival of the token, it checks if any hits have been found by thedata compression logic. If so, it then outputs the appropriate header information. It then proceeds to output the addressof the hit channel together with the data from that channel. Once the readout circuitry has finished sending the data fromone channel, it proceeds to output the data from then next channel. In the situation where one or more neighbouringchannels are to be read out, only the address of the first channel is output., but the data from all hit channels is sent.This process continues until the data compression logic indicates that all channels have been examined by asserting"end". Once all the data corresponding to a single event has been read out, a token is sent out to the next chip in thereadout chain. This token will be sent out ahead of the last bit of data sent out. If the chip has no data to be readout,circuitry sends out a "No hit data " code and passes the token on to the next chip in the chain.If the chip is in "send-id" mode or the readout buffer has overflowed or generated an error condition, the readout circuitrysends the appropriate error packet or configuration data packet. In these cases the readout circuitry is still required tosignal to the data compression logic that it has processed an event by asserting the "next" signal. This operation isneeded so that a correct count of the number of events waiting to be read out can be maintained.In the case of an error condition occurring, e.g. attempt to readout data and no data available, the appropriate error codewill be sent by the readout logic. If the chip is in the "send_id" mode of operation, no data or error codes are outputfrom the chip but instead a special packet of data containing information about the chips current configuration is sent.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 datavalidhit(2:0)clrBclk id(3:0)overflowch(6:0)dataouttokenout dataintokenin sendid error next73end

4adjconfig<15:0>

16F i g u r e 3 . 2 . 6 : C o n n e c t i o n s t o R e a d o u t C i r c u i t r y T a b l e 3 . 2 . 6 : R e a d o u t L o g i c I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e I n p u t / O u t p u t A c t i v e S t a t e / E d g e F u n c t i o n dataininputData Input tokenininputHighToken Input ch(6:0)inputAddressofHitChannel hit(2:0)inputHitdatapattern datavalidinputHighDataavailableforsending adjinputHighHitfoundonadjacentchannel endinputHighEnd of data to be sent id(3:0)inputLS 4 bits of chip address overflowinputHighReadoutbufferOverflow errorinputHighReadoutBufferError sendidinputChip mode of operation config<15:0>inputDatafromconfig-reg clrBinputLowResets circuit clkinputPosEdgeClock input dataoutoutputData output tokenoutoutputToken Output nextoutputHighScan Next Channel

3 . 2 . 7 . R e a d o u t C o n t r o l l e r B l o c k This block is to control the readout of data from several ABC chips connected together in a token chain. This block isenabled by placing the chip in "Master Mode". This block has to detect when an L1 trigger has been received, issue atoken to all the ABC chips connected to it, collect all the data from the chips and tag the data with the bunch crossingnumber from which it came and the number of Level 1 Trigger. This block then has to transmit this data serially to thedatalinkdriverchip.

3.2.7.1. L1 CounterThis a 4-bit binary counter which is incremented every time the chip receives a level 1 trigger. The counter is zeroed byeitherahardwareresetorasoftwarereset.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

3.2.7.2. Bunch Crossing CounterThis is an 8-bit binary counter which is incremented on every clock cycle. This counter is zeroed by either a hardwarereset, a software reset., or a special BC Reset Command

3.2.7.3. Event FIFOThis is a 24 location deep, 12-bit wide FIFO. Each time the chip receives an L1 trigger, the output of the L1-Counterand the Bunch crossing counter are loaded into the FIFO prior to the counters being incremented. These values are readfrom the FIFO every time an Event is readout and are used to tag the data with 12-bits of information about which triggernumber and bunch crossing number the data came from.

3.2.7.4. Token Generation LogicThe purpose of the token generation logic is to detect when the chip has received an L1 trigger and to generate a token toinitiate the read out of data from that L1 trigger. This logic waits until the Event FIFO becomes not empty and it thenissues a token. It then monitors the data passing through it from all the chips in the chain looking for a "Trailer" bitpattern. It waits until this trailer is detected before checking to see if the Event FIFO is empty. If the Event FIFO isstill not empty it repeats the cycle.

3.2.7.5. Data Formatting LogicThe purpose of this logic is to attach the header information to the packets of data output from the chip on the SerialData Output.

3.2.7.6. Serial Data Output DriverThis circuit block generates the output signals to the data links which send data to the DAQ system.

clrBclkdataintokeninid<3:0>header_enablelevel1trailer_enabletoken_backtokenoutdatalinkdataout

4F i g u r e 3 . 2 . 7 : C o n n e c t i o n s t o R e a d o u t C o n t r o l l e r C i r c u i t r y

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 7 : R e a d o u t C o n t r o l l e r I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n datainSerial Data Input tokeninHighToken Input id<5:0>Addressofchip level1HighLevel 1 Trigger clrBLowResets block clkPosEdgeClock input dataoutSerial data output tokenoutHighToken Output header_enableHighEnablesGenerationofPacketHeader trailer_enableHighEnables Generation of Packet Trailer token_backHighInput for Token output from ROL datalinkSerial data out to link driver

3 . 2 . 8 . C o m m a n d D e c o d i n g The command and control information all comes into the chip on the command input pads. There are two main classesof information which arrive here, Level 1 Trigger Commands and Control Commands. These are distinguished by a 3-bitc o d e . F u r t h e r m o r e t w o t y p e s o f C o n t r o l C o m m a n d s a r e p o s s i b l e , F a s t C o n t r o l C o m m a n d s a n d S l o w C o n t r o l Commands. Depending on which class arrives, further information may follow. This further information will also needdecoding, formatting and sending to the appropriate functional blocks of the chip. More detailed information is containedin 3.2.18 and the actual data fields of the commands are listed in Tables 3.2.19a and 3.2.19b. The two classes ofCommands and two types of Control Commands are:

Level 1 Trigger CommandI f t h e 3 - b i t c o d e i n d i c a t i n g t h i s c o m m a n d i s r e c e i v e d , t h e c o n t r o l l o g i c w r i t e s 3 s a m p l e s f r o m t h e p i p e l i n e o r t h e accumulator register, into the Readout Buffer.

Control CommandsIf the 3-bit code indicating a Control Command is received, the second field of 4 bits is decoded to determine if it is aFast Control Command or a Slow Control Command. If a Fast Control Command is decoded, the appropriate commandisexecuted.Noaddressordatafieldsareincludedinthesecommands..

Slow Control CommandIf the second field of the command is decoded to be a Slow Control Command, the third, forth, fifth and possibly sixthfield is decoded to determine the full action required. These Slow Control Commands are of variable length and thecontents of the third field determines the total number of bits to be processed.The command decoder block is required to decode the command and send the relevant instruction and data to other parts ofthe chip. The input/output connections to this block are shown in Figure 3.2.8.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 commandclrBclkloadmaskreglevel1loadshiftregcalstrobesoftresetBsendidmodeloaddelayregloadthresholdregbcresetBpulseinputreg strobeconfigreglevel3

CommandDecoder id<5:0>

6loadbiasregF i g u r e 3 . 2 . 8 : C o m m a n d D e c o d e r I n p u t s / O u t p u t s T a b l e 3 . 2 . 8 : C o m m a n d D e c o d e r I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n id<5:0>Chip ID commandCommand Data Input clrBLowReset Block clkPosEdgeClock Input sendidmodeSets chips mode of operation softresetBLowSoftwarecontrolledreset calstrobeHighSend Calibration pulse to CAFE-P loadmaskregHighLoad Mask Register level1HighLevel_1Triggerreceived level3HighSame as level1 but High for 3 cycles loadshiftregHighLoads Configuration reg.

strobeconfigregHighStrobes data into configuration reg loaddelayregHighLoad Strobe Delay Register loadthresholdregHighLoad Threshold/Calibration DAC Register loadbiasregHighLoad Bias DAC Register bcresetBLowBunch crossing reset

3 . 2 . 9 . C o n f i g u r a t i o n R e g i s t e r This circuit block contains a shift register to accept serial data input as part of various commands, a serial-to-parallelconverter and a 16-bit register to hold data for the configuration register. Data intended for other registers is presented atthe parallel output shiftreg. The contents of the 16-bit latched configuration register is presented at the parallel outputdataout. Shiftreg presents the data just shifted in upon a high load signal. The configuration register is latched on thefalling edge of the load signal. The input/output connections to this block are shown in Figure 3.2.9. Data is shiftedinto this register MS bit first. The configuration register holds information about the chip’s current configuration. Thefollowing Table 3.2.9b defines the usage of the bits in this register. The power up value of this register will be zero ascleared by the clrB signal. The contents of this register are not effected by a software reset command.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 loadclrBinclkshift

ConfigurationRegister shiftreg(15:0)

16dataout (15:0)

16F i g u r e 3 . 2 . 9 : C o n f i g u r a t i o n R e g i s t e r I n p u t s / O u t p u t s T a b l e 3 . 2 . 9 a : C o n f i g u r a t i o n R e g i s t e r I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n shiftHighEnables data to be shifted into reg loadHigh; Latch at Negative edgeTransfers data to register outputs i n Serial Data input clkPositive EdgeClock input clrBLowResets register to default values dataout(15:0)Configuration Data Outputs (See Table 3.2.9b.)

shiftreg(15:0)Data to be latched by Delay or DAC Registers

T a b l e 3 . 2 . 9 b : C o n f i g u r a t i o n R e g i s t e r C o n t e n t s B i t N a m e F u n c t i o n

0-1ReadoutModeSelects the data compression Criteria. (See Table 3.2.5a.)

2-3Cal_Mode(1:0)S e l e c t s t h e C a l i b r a t i o n c o d e f o r t h e C A F E - P c h i p ( S e e T a b l e 3 . 2 . 1 0 . ) a n d a l s o determines which channels of the Input Level Translators are tested when Test Mode isenabled. (See Table 3.2.1b.)

4DataoutDelayEnable extra 4 clock delay before initiating data output stream to data link driver

5Test_ModeWhen this bit is set, test values are applied continuously at the Input Level Translatorsto the channels defined by bits 2 & 3 of this register. Use with Mask (bit 7) = 0.

6Edge_DetectWhen this bit is Set the edge detection circuitry in the input stage is enabled.

7MaskWhen this bit is set the input register is disabled and the contents of the mask registerare routed into the L1 pipeline.

8AccumulateWhen this bit is set the Accumulate function is enabled. (See Section 3.2.3.1)

9Input_BypassThis bit determines which set of token/data inputs are active. (See Section 3.2.22)

10Output BypassThis bit determines which set of token/data outputs are active. (See Section 3.2.22)

11Master *When clear the chip acts as a Master providing the masterB input pad has be asserted

12EndWhen set this bit configures the chip as the end of a readout chain.

13Feed_ThroughWhen clear the chip outputs a clock signal at one-half the clk frequency through thedatalink output but only if the chip has been configured as a Master. (See above.)

14Notused

15Notused

* This bit is "ored" with the value on the "masterB" input. If the result is "0", the chip is placed into master mode.Otherwise, it is placed into slave mode.

3 . 2 . 1 0 . C a l i b r a t i o n L o g i c The calibration logic produces a calibration strobe signal for the CAFE-P chip. This strobe is produced in response to acontrol command. (See Table 3.2.19b.) A two-bit calibration code is also sent to the CAFE-P chip which selects one ofthe four possible patterns in the CAFE-P chip. The two-bit calibration code outputs are single-ended CMOS levels. Thecalibration Strobe is a differential current output. The calibration Strobe signal must be sent to the CAFE-P chip a fixednumber of clock pulses after receipt of the control command. The delay from the rising edge of the clock signal to the

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 rising edge of the strobe signal is determined by the value loaded into the Strobe Delay Register. This delay can beadjusted in 64 equal steps over a range of values exceeding the length of one clock period.T a b l e 3 . 2 . 1 0 : I n t e n d e d E f f e c t o f C a l i b r a t i o n C o d e s S e n t t o C A F E - P C a l _ M o d e ( 1 ) [Config Reg bit 3]C a l _ M o d e ( 0 ) [Config Reg bit 2]C h a n n e l s o f C A F E - P C h i p P u l s e d

XXCalibrationdisabled

00in0, in4 in8,...in124

01in1, in5 in9,...in125

10in2, in6 in10,...in126

11in3, in7 in11,...in127

3 . 2 . 1 1 . S t r o b e D e l a y R e g i s t e r The Strobe Delay Register is an 8 bit register of which only the least significant 6 bits are used. The value stored in thisregister determines the relative delay between the rising edge of the Calibration Strobe output to the CAFE-P chip andthe rising edge of the clock input. This delay can be set in 64 steps, of approximately 1.1˚ns ±0.5˚ns each. Thisenables the delay of the Calibration Strobe to be swept though a complete clock cycle at 40˚MHz. Data is shifted intothis register with the MS bit first.

strobeout loaddatastrobeinclrBclk

6F i g u r e 3 . 2 . 1 1 : S t r o b e D e l a y R e g i s t e r I n p u t s / O u t p u t s T a b l e 3 . 2 . 1 1 : S t r o b e D e l a y R e g i s t e r I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n strobeinStrobe input dataData input to register loadHigh; Latch on falling edgeLoadsdelayvalueintoregister clrBLowResets register clkPosEdgeClock input strobeoutDelayedversionofSTROBE_IN

The value of delay is determined according to the following formula:delay=min_delay+(register_valuexstep_value)Where:min_delay:the delay produced when the register is set to zero .register_value:the value written into the delay register (least significant 6 bits only)step_value:the increase in delay produced by incrementing the contents of the delay register (typically 1.13˚ns.)

3 . 2 . 1 2 . D A C R e g i s t e r The DAC registers are two 16-bit registers which hold 2 8-bit values and one 4-bit value. A threshold value is held inthe MS byte of the first register and a calibration amplitude value is held in the LS byte of this register. The outputs ofthis register are used to control 2 separate 8-bit DACs. The second register contains a 4-bit value in bit positions 11-8

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 used to control a separate 4-bit DAC for the front-end bias current of the CAFE-P. The outputs from these DACs supplyt h r e e i n d e p e n d e n t D C c u r r e n t l e v e l s t o t h e C A F E - P c h i p . T h e M S b i t i s s h i f t e d i n t o t h e s e r e g i s t e r s f i r s t . S e e Table˚3.2.19b for the load sequence of the DAC registers. All DAC registers are cleared by the Power-up Reset signal.

dataclrBclkloadthresholdregloadbiasreg thresholdcal amp8

8biasamp

416F i g u r e 3 . 2 . 1 2 : D A C R e g i s t e r I n p u t s / O u t p u t s T a b l e 3 . 2 . 1 2 : D A C R e g i s t e r I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n loadthresholdregHigh; Latch at falling edgeLoad values into threshold/cal register loadbiasregHigh; Latch at falling edgeLoad value into bias register dataData input to register clrBLowResets register clkPosEdgeclock input to register thresholdThreshold Output for 1st DAC cal ampCalibration Amplitude Output for 2nd DAC biasampBias Amplitude Output for 3rd DAC

3 . 2 . 1 3 . D A C s All three DACs supply control currents to the CAFE-P. Two 8-bit DACs are used to set a threshold (ith output) andcalibration value (cali output) in the CAFE-P chip. The single 4-bit DAC is used to set the bias current (ivi1 output) forthe front-end stage of the CAFE-P. These DACs will receive an input reference current "iref" (pad name IDAR) from theCAFE-P chip. This reference current will be scaled at the output of the DAC by a value between 0 and full scale of theDAC (255 or 15) depending upon the setting of the DAC register. The exact scaling is given in Table 3.2.25j.

8cali irefcalamp

8thresholdbiasamp ithivi14

F i g u r e 3 . 2 . 1 3 : I / O c o n n e c t i o n s t o D A C s

3 . 2 . 1 4 . C l o c k a n d C o m m a n d I n p u t s Two sets of clock and command inputs will be provided in order to make the system in which the ABCs will be usedfault tolerant and to provide an additional method of setting up the timing of the system. Each chip will be suppliedwith two independent sources of clock and commands. In the event of the fall out of one of these sources, the alternativesource can be used. An external input to the chip "select" pad will be used to determine which pair of inputs will be usedby the chip. This "select" pad has an internal pull-down which defines its state as low if left unconnected.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 clk0clk0Bclk1clk1B selectclk

BondPadscommandcom0com0Bcom1com1B note: Select haspull-down resistor

F i g u r e 3 . 2 . 1 4 : C l o c k & C o m m a n d D a t a I n p u t s T a b l e 3 . 2 . 1 4 a : C l o c k I n p u t / O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n clk0default Clock Input clk0BComplement of above clk1alternate Clock Input clk1BComplement of above com0defaultCommandInput com0BComplement of above com1alternate Command Input com1BComplement of above selectLow for default clk/command; High for alternateSelects which pair of inputs to use clkClock output commandCommand Data Output

T a b l e 3 . 2 . 1 4 b : C l o c k I n p u t M o d e s o f O p e r a t i o n s e l e c t c l k c o m m a n d

Lowclk0com0

Highclk1com1

N.B. internal pull-down defines state as low if left unconnected

3 . 2 . 1 5 . C h i p I D . To enable a chip to be individually addressed five inputs (ID(4:0) will be used to implement a geographical addressingscheme. This is because there will be a total of 12 chips on each module (6 per side), and under certain conditions it maybe necessary to address all the chips on 2 modules using the same control line. These inputs will be wire bonded to aunique set of logic levels on each chip mounted on the detector module. This set of logic levels will form a geographicaladdress which will enable individual chips on the module to be addressed. The chips will be bonded according to thef o l l o w i n g s c h e m e . F o r h i s t o r i c a l r e a s o n s t h e c o m m a n d d e c o d e r o n t h e c h i p h a s b e e n d e s i g n e d t o d e c o d e a 6 - b i t geographical address, however the MS bit of the chips geographical address is always set to a ’1’ . The sixth bit ID(5) isnot brought out of the chip but instead is set internally to a logic ’1’ level. ID(3:0) have internal pull-up resistors tof o r c e t h e s e i n p u t s t o a l o g i c ’ 1 ’ i f l e f t u n c o n n e c t e d . I D ( 4 ) h a s a n i n t e r n a l p u l l - d o w n t o f o r c e i t t o a l o g i c ’ 0 ’ i f unconnected.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 1 5 a : G e o g r a p h i c a l A d d r e s s e s ( I D 5 - 0 ) i d ( 5 : 0 ) T y p e o f C h i p S e l e c t e d O d d / E v e n M o d u l e

10aaaaABCEven

11aaaaABCOdd111111All ABC chipsBoth

N.B. aaaa is the 4-bit address of the ABC chip on the hybrid. See Table 3.2.15bT a b l e 3 . 2 . 1 5 b : A B C G e o g r a p h i c a l A d d r e s s e s ( I D 3 - 0 ) C h i p P o s i t i o n o n H y b r i d * I D ( 3 )I D ( 2 )I D ( 1 )I D ( 0 )

M0(Master)LOWLOWLOWLOW

S1 (Slave)LOWLOWLOWHIGH

S 2 LOWLOWHIGHLOW

S 3 LOWLOWHIGHHIGH

S 4 LOWHIGHLOWLOW

E5(EndSlave)LOWHIGHLOWHIGH

M8HIGHLOWLOWLOW

S 9 HIGHLOWLOWHIGH

S 1 0 HIGHLOWHIGHLOW

S 1 1 HIGHLOWHIGHHIGH

S 1 2 HIGHHIGHLOWLOW

E13HIGHHIGHLOWHIGH

* Refer to diagram of chip interconnections in Figure 3.2.22b

3 . 2 . 1 6 . T o k e n I n p u t / O u t p u t C i r c u i t In order to provide some measure of fault tolerance in the system, a token and data bypass circuit will be built into eachchip. The purpose of this circuit is to enable a chip to source or send it’s token and data to another chip other then it’sdirect neighbours. Each chip will have 2 token and data inputs. It will also have two token or data outputs. Pairs ofinputs and pairs of outputs will be connected to different chips enabling it to send or receive data from one of two chips.In this way, should one of the chip’s neighbours fail, an alternative chip can take its place. Commands are used to directeach chip to use its normal or bypass inputs and outputs.

in0inOBin1in1B outbypassin

F i g u r e 3 . 2 . 1 6 a : T o k e n a n d D a t a I n p u t s c i r c u i t

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 1 6 a : T o k e n a n d D a t a I n p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n in01st Data/Token Input in0BComplement of above in12nd Data/Token Input in1BComplement of above bypassinWhen High in1 is selected else in0 outToken /Data Output inout_0out_0Bout_1out1Bbypassout

F i g u r e 3 . 2 . 1 6 b : T o k e n a n d D a t a O u t p u t s c i r c u i t T a b l e 3 . 2 . 1 6 b : T o k e n a n d D a t a O u t p u t S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n i n Token/Data in bypassoutWhen High out1 is enabled else out0 out01st Data/Token Output out0BComplement of above out12nd Data/Token Output outBComplement of above

3 . 2 . 1 7 . T e s t C i r c u i t r y Several features have been added to aid in the testing of the chip. First, the Input Level Translators have a test featureincluded which allows test levels and test pulses to be injected into the front-end of the chip. This allows the full datapath to be exercised with the exception of the input pads and metal trace leading to the Input Level Translator block.Since the possibility for defects to kill a channel in this small area is low, it should be possible to perform adequatewafer screening without probing the dense input pad area. Furthermore, the CA input is provided to alter the effectivethreshold level of the Input Level Translators to test the discrimination margin. (See Section 3.2.1.) It will be requiredto probe all of the pads in the upper end of the input section which provide control interface to the CAFE-P (e.g. ITH,CALI, CALSP, CALSN). To ease the difficulty of probing this dense region of pads, four of the pads (CALD1, INRH,INRL, CALD0) are duplicated along the upper side of the chip. These duplicate pads are intended for wafer probing only.To aid with chip debug, several test points have been provided. Some of these points are provided as directly probablepads. Other internal logic signals are fed to a 128:1 multiplexor. The multiplexor is controlled by a 7-bit counter. Fourpads accompany the testmultiplexor. The first clears the counter; the second increments the counter with each pulse; thethird presents a high signal when the counter is at 0; the fourth presents the test point selected by the counter

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 1 7 a : D i r e c t l y P r o b a b l e T e s t P a d s T e s t P a d S i g n a l D e s c r i p t i o n

ITHSame as external pad. See Table 3.2.24b.

IDARSame as external pad See Table 3.2.24a

C A L S P Same as external pad See Table 3.2.24b

CALSNSame as external pad See Table 3.2.24b

ILT_out(125,122,65,62,5,2)Unbuffered output from Input Level Translators for 6 channels tokenin datoutclk<1>Internal clk after clk0/clk1 multiplexor com<1>Internal command signal after com0/com1 multiplexor datalink_testBuffered signal to LVDS output after clk_div2 multiplexor toknnext datainpoweron_rst token_startB data_validBtest_rstBtest_clktestpoint testout

128test_strobe

F i g u r e 3 . 2 . 1 7 : T e s t M u l t i p l e x o r C i r c u i t T a b l e 3 . 2 . 1 7 b : T e s t M u l t i p l e x o r S i g n a l D e f i n i t i o n s S i g n a l N a m e A c t i v e S t a t e / E d g e F u n c t i o n test_rstBLow (15˚kΩ πυλλ−δοων ρεσιστορ)Χλεαρ Μυλτιπλεξορ Χουντερ τεστ_χλκΠοσιτιϖε ΕδγεΙνχρεμεντ Μυλτιπλεξορ Χουντερ τεστποιντ128 τεστ ποιντ ινπυτσ τεστ_στροβεΗιγηΗιγη ωηεν ΜΥΞ Χουντερ = 0 τεστ_ουτΣελεχτεδ τεστποιντ ουτπυτ το τεστ παδ Ν.Β.Αλλ τηεσε σιγναλ εξχεπτ τηε 128 τεστποιντ ινπυτσ αππεαρ ασ τεστ παδσ ον τηε χηιπ.Τηε 15κΩ πυλλ−δοων ον παδ τεστ_ρστΒ ασσυρεσ τηατ τηε ΜΥΞ δεϕαυλτσ το τεστποιντ(0) ανδ δοεσ νοτ χηαττερ ιϕ υνυσεδ.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 The following table lists the test points presented for each value of the 7-bit MUX counter. Most signal names aredefined in the sections of this specification dealing with the related circuit block.T a b l e 3 . 2 . 1 7 c : T e s t M u l t i p l e x o r S i g n a l D e f i n i t i o n s C o u n t V a l u e T e s t p o i n tC o u n t V a l u e T e s t p o i n t

Input Level TranslatorsTOP Left Circuit Block

0 - 3 EN<3:0>9 6 CStrobe

PipelineCommand Decoder

4serial_out9 7 L1

5d_dataavail9 8 L3

6d - e r r o r 9 9 bcresetB

7d_overflow01 0 0 calstrobe

8 - 1 1 PIPE_test<3:0>1 0 1 fcUnusedCode

Data Compression Logic1 0 2 invalidFL

1 2 token_startB1 0 3 loadshiftreg

1 3 buffrd1 0 4 loaddelayreg

1 4 datavalid1 0 5 loadmaskreg

1 5 - 2 1 ch<6:0>1 0 6 loadthresholdreg

2 2 adj1 0 7 pulseinputreg

2 3 - 2 5 hit<2:0>1 0 8 scInvalidFL

2 6 end1 0 9 scUnusedCode

2 7 overflowout1 1 0 sendidmode

2 8 - 3 8 DCLsm1<11:1>1 1 1 softresetB

3 9 - 4 5 DCLsm2<7:1>1 1 2 strobeconfigregB

4 6 - 4 9 DCLloop<3:0>1 1 3 tcUnusedCode

5 0 data_validB_int1 1 4 loadbiasreg

5 1 - 5 7 ch_int<6:0>RIGHT SIDE Circuit Block

5 8 adjB_int1 1 5 clk0_test

5 9 - 6 1 hit_int<2:0>1 1 6 clk1_test

6 2 end_int1 1 7 com0_test

Readout Logic1 1 8 com1_test

6 3 adj_int1 1 9 tokenin

6 4 - 7 3 ROLsm<10:1>1 2 0 datain

7 4 databack1 2 1 tokenout0_test

7 5 tokenback1 2 2 tokenout1_test

Readout Control1 2 3 dataout0_test

7 6 dataout1 2 4 dataout1_test

7 7 ledout1 2 5 datalink_test

7 8 tokennext1 2 6 clrB

7 9 tokenout1 2 7 intrstB

8 0 FifoRead

8 1 TrailDtect

8 2 TrlDtectM1

8 3 BCRstB

8 4 PSCLoad

8 5 PSCIn

8 6 FifoEmpty

8 7 - 9 5 ROCsm<8:0>

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

3 . 2 . 1 8 . R e a d o u t P r o t o c o l s Output data from the ABC can be grouped into one of five classes:

3.2.18.1. Module DataThis type of data packet is only output from chips which have been configured as Masters. The packet consists of fourelements. A 5-bit Preamble and a 14-bit Header containing information about the data are both generated by the MasterABC chip. A string of data blocks sent from all ABC chips are daisy-chained together through the Master ABC chip.The Trailer bit sequence (a "1" followed by 15 "0") is appended to the data stream by the chip configured as END.Level 1Beam CrossingnumberData from 1st chip inreadout chainMSBitMSBit1stBit

1stBit

Data from 2nd chipin readout chainData from last chipin readout chainPreambleTrailerDT

< 11101> <0>< nnnn> < bbbb,bbbb><1> < data_block_1> <data_block_2>...<data_block_n><1000,0000,0000,0000>F i g u r e 3 . 2 . 1 8 a : M o d u l e D a t a F o r m a t

DT(DataType)(PartofHeader)The value of this bit determines the type of data which follows. This can either be Level˚1 Trigger Data (DT=0) orInformation Data (DT=1). In the case of the ABC chip only Level 1 trigger Data is Sent and hence this field is alwaysset to ’0’.

Level1(PartofHeader)Current count of Level1 Trigger modulo 16 since the last system reset. This field can be used for event building by theDAQ and also to monitor for lost data. Note that the value of Level 1 for the first trigger read out after a Soft Resetcommand is 1.

BunchCrossingNumber(PartofHeader)Current count of Bunch Crossing modulo 256 since the last system reset or BC Reset command. It is intended tomonitor for clock pulses lost by the on-detector electronics and can be used to tag one bunch crossing out of the completering of the LHC. Note that the value of the Bunch Crossing Number for an event read out from an L1 Trigger commandoccurring immediately (no clock gaps) after a BC Reset command or Soft Reset command is 3.

DataBlockThis is the data packet sent from each chip including the master chip. This data block can be any of the four followingtypes, Physics Data, No-Hit Data, Error Data or Configuration Data.

3.2.18.2. Physics DataThis type of data packet is used to send the compressed hit data from the detector. The format of this data is a series ofone or more data packets.<data_packet_1><data_packet_2>---<data_packet_n><data_packet_n+1>There are two types of data_packet, isolated hit packet and adjacent hit packet. A physics data packet can consist of anycombination of these two types of packets. Note that if Data Compression has been disabled by selecting the ReadAlloption (See Section 3.2.5), the whole chip will be readout as one cluster of 128 adjacent hits.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

IsolatedHitData-Packet.This type of packet is used to send the hit information from a hit channel on a chip when non of it’s neighbouringchannels have been hit.< 01 > < aaaa > < ccc,cccc > < 1> < ddd>

Hit Patternfrom ChannelMSBitAddress of HitChannelChipAddress

MSBit

MSBitLeader

F i g u r e 3 . 2 . 1 8 b : I s o l a t e d H i t D a t a F o r m a t

AdjacentHitData-PacketThis type of packet is used to send data from a group of 2 or more adjacent channels which have been hit. Only thechannel address of the 1st channel in the group is sent. It should be noted that this will also be the lowest numberedchannel in the group. The chip address and channel address’s of the other channels can be derived from that of the 1st andhence are not sent.Leader

ChipAddress

AddressofHitChannel

MSBitHit PatternfromChannel

MSBit< 01 > < aaaa > < ccc,cccc > < 1> < ddd><1><ddd>...<1><ddd><1><ddd>Hit PatternfromnextChannel

Hit PatternChannel fromNthHit Patternfrom N+1 thChannel

F i g u r e 3 . 2 . 1 8 c : A d j a c e n t H i t D a t a F o r m a t whereaaaaLS 4 bits of the chips geographical addressccc,cccc7-bit address of the channel on which the hit or 1st channel in a groups of hits was found(See Figure 3.2.27a for the physical location of channel addresses.)dddIs the 3 bit hit pattern read out from the hit channel. (Previous, Current, Next)ExampleThe following physics data packet would be send out from a chip with a geographical address of 2DH and hits onchannels 3, 5 and 6.<01><1101><000,0011><1><ddd3><01><1101><000,0101><1><ddd5><1><ddd6>whereddd3=datafromchannel3,ddd5=datafromchannel5,ddd6=datafromchannel6Note that if Accumulator Mode is selected in the Configuration Register (See Section 3.2.3.1), a hit channel will usuallyread as ’111’ and a non-hit channel as ’000’. This, however, is not always true. If a channel is hit during the three clocksneeded to transfer data into the Readout Buffer, a pattern of ’011’ or ’001’ can result.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

3.2.18.3. No-Hit DataIf a chip has received the event currently being read out but has not found any hit channels, it outputs a Null Data Packet.< 001>

F i g u r e 3 . 2 . 1 8 d : N u l l D a t a P a c k e t

3.2.18.4. Configuration DataConfiguration data is sent by the chip in response to an L1 trigger when the chip is in its Send_ID mode of operation,i.e. the chip is not sending data. A packet of data is sent from the chip which contains the chips address and the contentsof the chips configuration register.

LeaderChipAddress

Ms Bit

MS Byte of

Config RegLS Byte ofConfig Reg

<000> <aaaa> < 111><cccc,cccc><1><cccc,cccc><1>F i g u r e 3 . 2 . 1 8 e : C o n f i g u r a t i o n D a t a P a c k e t

3.2.18.5. Error DataError data is only sent if the chip detects an error, e.g. Buffer overflow. In this cases a data packet of the followingformat is sent:

<000><aaaa><eee><1>

Chip Address

Ms BitLeaderError codeSeparator Bit

F i g u r e 3 . 2 . 1 8 f : E r r o r D a t a F o r m a t

ErrorCodes:3codeshavebeendefined:eee=001No Data Available (The chip has not received an L1 command, only possible in Slave Mode.)eee=010BufferOverfloweee=100BufferError(SoftResetneeded)N.B. Error messages are only sent if the chip is in Data_Taking Mode. (See Section 3.2.19.)

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

3 . 2 . 1 9 . C o n t r o l P r o t o c o l There are two main classes of commands, Level 1 Trigger Commands and Control Commands, and there are two types ofControl Commands, Fast Control Commands and Slow Control Commands. It is not expected that the Slow ControlCommands will be issued during data taking operation.T a b l e 3 . 2 . 1 9 a : C o m m a n d s T y p e F i e l d 1 F i e l d 2 F i e l d 3 D e s c r i p t i o n

Level 1110------LeveloneTrigger

Fast1010100 or0010Soft ResetBC Reset

S l o w 1010111CommandSlow Control Command. See Table˚3.2.19b.

3.2.19.1. Level 1 trigger Command:This is the most frequently issued packet and hence the smallest. All ABC chips that receive this packet act on it. Thereis no addressing. If this command is received 3 samples are readout out of the pipeline and written into the readoutbuffer.

3.2.19.2. Fast Control Command:This type of command is sent when a command has to be issued to the chip more quickly than can be achieved bysending a slow command to the chip. In the case of the ABC chip, only two commands of this type have been defined,i.e. the Soft Reset and BC Reset commands. It is expected that these commands will be sent to the chip at regularintervals during periods of time when no Level 1 Triggers will be sent to the chip. The purpose of these commands is toperform a limited reset of the chip. (See Section 3.2.19 for details.)

3.2.19.3. Control commandsThese are long packets that enable the operation of the chip to be controlled. While they are being sent, it is notpossible to send a first level trigger. Only the addressed ABCs will act on the packet, unless the address sent equals’111111’, in which case all chips will act on the packet. All chips that receive the packet must decode it, even if they donot act on it. This is to avoid un-addressed ABCs erroneously decoding parts of the data field as the start of packets. Toensure that the chip does not respond to erroneous commands the chip will be placed out of data taking mode for anycommand it receives which effects the configuration of the chip, i.e. all commands in which the 1st bit of field 5 is ’0’.Hence it will be necessary to issue a command to the chip to enable data taking after issuing a command to change itsconfiguration. When the chip is not in data taking mode, it will send its ID instead of real data in response to an L1Trigger. This is the power-on default state.

3.2.19.4. Erroneous CommandsIf the chip should receive a command that it does not recognise it is dealt with in the following manners depending uponwhich field is in error.Error in Field 1:If field 1 is not equal to 110 or 101, the command decoder ignores the command and immediately startsto accept new commands.Error in Field 2:If field 2 is not equal to one of the three valid values, the command decoder ignores the command. Thecommand is considered to be an unrecognized fast-command. The rest of the command is ignored and the commanddecoder waits the number of bits of a valid fast-command before it starts accepting new commands.Error in Field 3:Field 3 contains the length of the slow-command. Only 3 lengths are allowed: 28 (0001_1100),140˚(1000_1100) and 12 (0000_1100). The command is considered to be an unrecognized slow-command if Field 3 doesnot equal one of these 3 allowed values. In such a case, the command decoder waits the number of bits which is specifiedby field 3 before it starts accepting new commands.Error in Field 4:When the chip address in the command does not match the chip address established by bonding padsid(4:0), when the first bit of field 4 is not equal to 1 or when the address is not the "all chips" address (111111), the restof the command is ignored. In such a case, the command decoder waits the number of bits which is specified by field 3before it starts accepting new commands.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 Error in Field 5:When the command is not recognized or when the command is recognized but the length specified infield 3 does not match the correct length for the recognized command, the rest of the command is ignored. In such a case,the command decoder waits the number of bits which is specified by field 3 before it starts accepting new commands.T a b l e 3 . 2 . 1 9 b : C o n t r o l C o m m a n d s F i e l d 3 F i e l d 4 F i e l d 5 F i e l d 6 D e s c r i p t i o n

0001,1100aaaaaa000 000dddd,dddd,dddd,ddddWrite to Configuration Register

1000,1100aaaaaa001 000d---,----,----,---dWrite to Mask Register (MSB=Ch127)

0001,1100aaaaaa010 000dddd,dddd,dddd,ddddWrite to Strobe Delay Register

0001,1100aaaaaa011 000dddd,dddd,dddd,ddddWrite to Threshold/Cal DAC

0000,1100aaaaaa100 000-------------------Pulse Test Inputs of Input Level Translators

0000,1100aaaaaa101 000-------------------EnableDatatakingMode

0000,1100aaaaaa110 000-------------------Issue Calibration Pulse

0001,1100aaaaaa111 000xxxx,dddd,xxxx,xxxxLoadBiasDAC

N.B.xxxx= don’t care state.aaaaaa = 6 bit chip address(MS bit first)dddd= data value for register (MS bit first)

Field 3This is an 8 bit count of the number of bits in the following instruction.

Field 4This is the 6-bit address of the chip for which the command is intended. (See Section on Geographical Address.)N.B. To Address an ABC chip the MS bit must always be set.

Field 5This 6 bit field is used to determine into which register on the chip the data contained in the following field will bewritten or which command sequence is to be executed.

Field 6This field holds the data that is to be written into the selected register. With the exception of instruction which loads themask register, this field will be 16-bits long.

3 . 2 . 2 0 . C h i p I n i t i a l i s a t i o n a n d C o n f i g u r a t i o n The chip has 3 modes of operation, "Send_ID Mode", "Data_Taking Mode" and "Clock_Feed_Through_Mode". After aPower-up reset the chip is placed into Send_ID mode unless it is configured as a master with the Master input pad pulledlow in which case it will be in Clock_Feed_Through_Mode.

3.2.20.1. Send_ID ModeI n t h i s m o d e o f o p e r a t i o n t h e c h i p s e n d s i t s I D a n d C o n f i g u r a t i o n d a t a i n r e s p o n s e t o a n L 1 t r i g g e r . T h e r e i s n o command which explicitly places the chip into this mode of operation, however, any attempt to alter the contents of thechip’s various registers automatically results in the chip being placed into Send_ID mode.

3.2.20.2. Data_Taking Mode.When the chip is not in Send_ID mode it is in Data_Taking Mode and visa-versa. In this mode of operation the chipsends out any physics data that it has. The chip may be placed in this mode of operation by sending a command to thechip to enable data taking. The chip may be taken out of this mode of operation and placed into Send_ID mode by eithera Power_up reset or any attempt to change the contents of the chip’s registers.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

3.2.20.3. Clock Feed Through ModeIf the clock feed through bit in the configuration register has been cleared and the chip has been configured as a Master,the chip outputs the chips system clock divided down by 2 from it�s data output pads. This feature has been included tosimplify system testing. Note that this is the power up condition if the Master input pad is pulled low.The following sequence of instructions should normally be sent to the chip after power-up1) Send command to load the configuration register with the appropriate settings.2) Send a command to load the mask register3) Send a series of commands to load the DAC register/s and Delay registers4) Send a command to place the chip into data taking mode.5) Send a Soft Reset command.The chip will now be in a state to receive L1 trigger command and send data.

3 . 2 . 2 1 . R e s e t s There are three kinds of reset in the system.

3.2.21.1. Power-up ResetThe Power-up Reset is an asynchronous (i.e. clock independent) reset that sets the value of the chips command register tozero, it’s default value, and clears all the buffers in the chip, thus placing the chip into a well defined state. This type ofreset is issued automatically when power is first applied to the chip. This reset signal can also be supplied externally viat h e r e s e t B p a d . T h e r e s e t B p a d i n c l u d e s a n i n t e r n a l p u l l - u p w h i c h m a i n t a i n s a n o n - r e s e t s t a t e i f t h e p a d i s l e f t unconnected.

3.2.21.2. Soft ResetThis type of reset is sent to the chip via a command instruction. Its purpose is to clear all the buffers in the chip, whileleaving the configuration of the chip unaffected. This type of reset will be issued to the chip periodically during datataking to eliminate synchronisation errors.Upon receipt of the reset command, the ABC chip resets all internal counters, clears tokens and sets itself to the no-datastate. If it was transmitting data, it terminates this immediately. The value of the Level 1 counter for the first triggerread out after this command is 1. The value of the Bunch Crossing counter for an event read out from an L1 Triggercommand occurring immediately (no clock gaps) after this command is 3.N.B. It should be noted that the off-detector system must then be able to determine the last complete event transmittedbefore the reset and discard it (Complete in the sense that all read-out chains supply a header and trailer). With either resetit must also be able to recognise and discard partial events since there is no guarantee that different read-out chains will bereadingthesameeventwhentheperiodicresetarrives.

3.2.21.3. BC ResetThis type of reset is sent to the chip via a command instruction. Its purpose is to zero the Bunch Crossing counter. Ithas no effect on the operation of any other part of the chip. The value of the Bunch Crossing counter for an event readout from an L1 Trigger command occurring immediately (no clock gaps) after this command is 3.

3 . 2 . 2 2 . D a t a R e a d o u t a n d R e d u n d a n c y The figures below show the data and token interconnections on a typical silicon detector module. The module has 6-ABCchips on each side. The datalink outputs of 2 of these chips are connected to a fibre-optic interface and are configured toact as Masters in controlling the readout of data from each side of the module. On the diagrams the Master chips aredenoted by a �M� and all the other chips are configured to act as slaves as denoted by a �S� or "E’ on the diagram. Aredundancy scheme is also employed with extra interconnections between non-adjacent chips. This scheme is intended tobypass one or more non-working chips without disabling the whole module provided no two-adjacent chips are bad.Even one Master chip can be bypassed if it or the datalink to which it connects is bad. This will be illustrated in thefollowing figures.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

N0B1

0011MINOUT

INOUT

0101SINOUT

0011EINOUTtoken from previousdata to previousdata to previoustoken from previousdata from nexttoken to nexttoken to nextdata from nexttokenin0dataout0tokenin1dataout1tokenout0tokenout1datain0datain1 chipconfigured as Slave chipconfigured as End chipconfigured as MasterF i g u r e 3 . 2 . 2 2 a : K e y t o s y m b o l s u s e d i n f o l l o w i n g D i a g r a m s After the receipt of a Level 1 Trigger, the Master chip initiates a readout cycle by sending the pre-amble bits at the startof each data block to the datalink driver. It then appends its data bits to the output stream sent to the datalink driver. Afew clock cycles before the last bit has been sent, it sends a token to the slave chip on it’s right. The slave chip on theright responds by sending its data packet to the Master which in turn is appended to the pre-amble and data bits from theMasteralreadysenttothedatalinkdriver.N.B. each chip always sends at least 3 bits of data even if it hasn’t found any hit channels in the event being read out.INOUTNNBBM0INOUTNNBBS1INOUTNNBBS2INOUTNNBBS3INOUTNNBBS4INOUTNNBBE5

INOUTNNBBM8INOUTNNBBS9INOUTNNBBS10INOUTNNBBS11INOUTNNBBS12INOUTNNBBE13

F i g u r e 3 . 2 . 2 2 b : D i a g r a m o f t h e I n t e r c o n n e c t i o n o f A B C c h i p s o n a S i l i c o n D e t e c t o r M o d u l e Once this slave chip has finished sending its data, it also passes on the token to the next chip on the right. The nextchip on the right passes its data onto the previous chip on the left which in turn passes it back to the Master chip fortransmission to the datalink driver. This process continues until the last chip in the chain has sent it’s data.A bit is set in the last chip in the chain to inform it that it is the last chip (these chips are shown as ’E’ on the diagrams).When this chip has sent it’s data it appends a trailer to the end of the data stream. While the Master chip is outputtingdata, it is constantly looking for the trailer pattern which has been carefully chosen to be distinct from the data. Once itfinds the trailer pattern, it knows that all the data from the event has been sent and it can start processing the next event.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

INOUTNNBBM0

INOUTNNBBS1

INOUTNNBBS2

INOUTNNBBS3

INOUTNNBBS4

INOUTNNBBE5

INOUTNNBBM8

INOUTNNBBS9

INOUTNNBBS10

INOUTNNBBS11

INOUTNNBBS12

INOUTNNBBE13

F i g u r e 3 . 2 . 2 2 c : D i a g r a m S h o w i n g t h e N o r m a l F l o w o f D a t a a n d T o k e n s B e t w e e n C h i p s ( A c t i v e l i n k s a r e h i g h l i g h t e d w i t h s o l i d l i n e s . )INOUTNNBBM0INOUTNNBBS1INOUTNNBBS2INOUTNNBBS3INOUTNNBBS4INOUTNNBBE5

INOUTNNBBM8INOUTNNBBS9INOUTNNBBS10INOUTNNBBS11INOUTNNBBS12INOUTNNBBE13

F i g u r e 3 . 2 . 2 2 d : D i a g r a m S h o w i n g f l o w o f T o k e n s a n d D a t a w i t h a f a i l e d S l a v e A B C c h i p In the event of the failure of one of the Slave chips, the previous and next slave chips in the chain are programmed toroute their data and tokens around the failed chip. If the last chip in the chain should fail, then the penultimate chip inthe chain is programmed to perform the operation of the "End chip".In the event of the failure of a Master chip in the chain, the data and tokens from the chain with the failed Master chip arerouted to the working master chip as shown in the next diagram .

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9INOUTNNBBM0INOUTNNBBS1INOUTNNBBS2INOUTNNBBS3INOUTNNBBS4INOUTNNBBE5

INOUTNNBBM8INOUTNNBBS9INOUTNNBBS10INOUTNNBBS11INOUTNNBBS12INOUTNNBBE13

F i g u r e 3 . 2 . 2 2 e : D i a g r a m S h o w i n g f l o w o f T o k e n s a n d D a t a w i t h a f a i l e d M a s t e r A B C c h i p

3 . 2 . 2 3 . D e f a u l t R e g i s t e r V a l u e s On power up, the contents of the configuration register will be set to zero. This results in the following configuration.Read Out Mode is set to Detector alignment modeCalibrationModeisdisabledSend_IDmodeisenabled.tokenin0anddatain0inputsareenabledtokenout0 and dataout0 outputs are enabled.Input test mode is disabled.EdgeDetectionModedisabledClock Feed Through Mode is Enabled if the chip is acting as a Master.Chip will not be configured as the end of a readout chain.The chip will be configured as a Master if masterB is asserted (i.e. pulled low), else it will be configured as a Slave.

3.2.23.1. Master/Slave SelectionThe default state of the chip on power up is determined by the state on the masterB input pad. This pad has an internalpull-up which defines its state as high if left unconnected. If this pad has been left unconnected or tied high, the chipwill power-up as a Slave. If this pad has been tied to ground, the chip will power up as a Master. If the chip isconfigured as a Master on power up it may be re-configured as a Slave. However if the chip has been configured as aSlave on power up it may not be re configured as a Master.

3 . 2 . 2 4 . I n p u t / O u t p u t C o n n e c t i o n s The following the following tables describes the names and function of the various Input/Output connections to thechip.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 2 4 a : I n p u t S i g n a l s N a m e F u n c t i o n T y p e i n < 0 : 1 2 7 > Signal InputsCurrentMode clk0 & clk1Clock inputLVDS clk0B & clk1BComplement of above signalLVDS com0 & com1Command InputLVDS com0B & com1BComplement of above signalLVDS tokenin0 & tokenin1Token InputCurrentMode tokenin0B & tokenin1BComplement of above signalCurrentMode datain0&datain1Data InputCurrentMode datain0B&datain1BComplement of above signalCurrentMode id<5:0>Geographical address of chip (with internal pull-ups on 5& 3:0, pull-down on 4) (See Section 3.2.15.)C M O S masterBSets chip default to master (with internal pull-up)C M O S selectSelects clock/command inputs (with internal pull-down)C M O S resetBResets Chip (with internal pull-up)C M O S

IDARCurrentreferenceforDACanalog

CAInput level adjustmentanalog

INRHHighlevelinputreferenceanalog

INRLLowLevelInputreferenceanalog

T a b l e 3 . 2 . 2 4 b : O u t p u t S i g n a l s N a m e F u n c t i o n T y p e tokenout0 tokenout1Token OutputCurrentMode tokenout0B tokenout1BComplement of aboveCurrentMode dataout0dataout1Data OutputCurrentMode dataout0Bdataout1BComplement of aboveCurrentMode datalinkData Output to data link driverLVDS datalinkBComplement of aboveLVDS

CALD0Calibration Mode Output to CAFE-P ChipC M O S

CALD1Calibration Mode Output to CAFE-P ChipC M O S

C A L S P Positive Calibration Strobe Output to CAFE-P ChipOpendrain

CALSNComplement of aboveOpendrain

ITHThreshold output to CAFE-P chipAnalogue

CALICalibration Amplitude output to CAFE-P chipAnalogue

IVI1Bias Current for Front Pre-amp output to CAFE-P chipAnalogue

3 . 2 . 2 5 . E l e c t r i c a l S p e c i f i c a t i o n s

3.2.25.1. Supply VoltageOnly one supply named VDD is required for the chip. See Section 3.2.25.3 below for discussion of various supply pads.T a b l e 3 . 2 . 2 5 a : S u p p l y V o l t a g e R e q u i r e m e n t s O p e r a t i o n a l A b s o l u t e

M i n i m u m N o m i n a l M a x i m u m M a x i m u m

3.8 V4.0 V4.2 V6.5 V

For the on chip Power-on Reset circuitry to operate correctly the power supply must be ramped up to 90% of its finalvalue in less than 10˚ms.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

3.2.25.2. Power ConsumptionPower consumption depends upon the mode of operation of the chip since the LVDS driver circuit for the datalink outputonly operates in Master mode. Nominal values in Table 3.2.25b are for nominal fabrication parameters and nominalsupply voltage. Max values are for worst case fabrication parameters and Max operating supply voltage. Both Nominala n d M a x a s s u m e e i t h e r 1 % h i t o c c u p a n c y a n d 1 0 0 ˚ k H z t r i g g e r r a t e o r 2 5 % h i t o c c u p a n c y a n d 4 ˚ k H z t r i g g e r r a t e whichever is largest.T a b l e 3 . 2 . 2 5 b : C u r r e n t R e q u i r e m e n t s M o d e N o m i n a l P r e - r a d M a x P r e - r a d N o m i n a l P o s t - r a d M a x P o s t - r a d

MasterTBDTBDTBDTBD

SlaveTBDTBDTBDTBD

Master - no clkTBDTBDTBDTBD

Slave - no clkTBDTBDTBDTBD

3.2.25.3. Power Supply ConnectionsThe chip has a total of 11 power supply connection pads. (In the following discussion, the orientation of chip edgesrefers to that shown in Figure 3.2.27b.) Three of these 11 pads, labeled DRET, are in the row of pads on the left edge ofthe chip. These pads are intended to provide a return path for the switching currents in the input stage of the chip. Thesep a d s s h o u l d b e c o n n e c t e d d i r e c t l y t o t h e c o r r e s p o n d i n g p a d s o n t h e C A F E - P c h i p . T h e s e t o f 2 p a i r s o f p o w e r connections, labeled vdd! and gnd!, on the right edge of the chip provide all the power to the digital Sections. These padsshould be connected to the digital power supply for the chip. There is another pair of power pads along the top edge ofthe chip, labeled dac_vdd! and dac_gnd!, to provide power to the DAC section and another pair of pads along the bottomedge labeled ILT_vdd! and ILT_gnd! to provide power to the Input Level Translator section. Both of these pairs of padsmust also be connected to the same digital supply for the chip. The separate pads are provided for better isolation onchip. Note that DRET and ILT_gnd! are internally the same node. ILT_gnd!, dac_gnd! and gnd! are internally connectedthrough resistive metal lines. This is to insure that all ground metal is at the same potential as the substrate ground.

3.2.25.4 Input /Output LevelsT a b l e 3 . 2 . 2 5 c : I n p u t L e v e l s f o r H i t I n p u t s P a r a m e t e r M i n i m u m T y p i c a l M a x i m u m

Low Level Input Current IIL0μA10μA

High Level Input Current IIH75μA200μ320μA

Compliance (active or inactive state)0.7VVDD

Voltage Diff of any INRH, INRL, INxx0.5V

T a b l e 3 . 2 . 2 5 d : O u t p u t L e v e l s f o r C a l i b r a t i o n C o d e O u t p u t s P a r a m e t e r M i n i m u m T y p i c a l M a x i m u m

Low Level Voltage VOLV S S0.5 V

High Level Voltage VOHVDD - 0.5VVDD

T a b l e 3 . 2 . 2 5 e : O u t p u t L e v e l s f o r C a l i b r a t i o n S t r o b e O u t p u t s P a r a m e t e r M i n i m u m T y p i c a l M a x i m u m

Low Level Output Current IOL11μA18μA

High Level Output Current IOH180μ242μ

Load capacitance for all cases is less then 1pF.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 2 5 f : I n p u t L e v e l s f o r L V D S I n p u t s ( C l o c k , C o n t r o l ) P a r a m e t e r C o n d i t i o n s M i n i m u m M a x i m u m U n i t s

Input Voltage Range ViVgpd

< 950mV02400mV

InputVoltage Common mode VicmVgpd

< 950mV502350mV

Differential high input threshold+VidthVgpd

< 950mV100mV

Differential high input threshold-VidthRload =100Ω±1%-100mV

Thresholdhysteresis(+Vid)-(Vid)25mV

Receiverinputimpedance100 kΩ

N.B. No internal terminating resistor is built into these inputs and consequently an external resistor terminated resistorisrequired.T a b l e 3 . 2 . 2 5 g : I n p u t L e v e l s f o r T o k e n a n d D a t a I n p u t s ( T o k e n _ i n , D a t a _ i n ) P a r a m e t e r M i n i m u m T y p i c a l M a x i m u m

Low Level Input Voltage VILVDD/2 - 100 mV

High Level Input Voltage VIHVDD/2 + 100 mV

Receiverinputimpedance120 Ω

T a b l e 3 . 2 . 2 5 h : O u t p u t L e v e l s f o r T o k e n a n d D a t a O u t p u t s ( T o k e n _ O u t , D a t a _ o u t ) P a r a m e t e r C o n d i t i o n s M i n i m u m T y p i c a l M a x i m u m

Output Voltage Low VOLCL=50 pfRload=125 ΩςΔΔ/2 − 100μς Ουτπυτ ςολταγε Ηιγη ςΟΗΧΛ=50 πϕΡλοαδ=125 ΩςΔΔ/2 − 100μς Ουτπυτ Διϕϕερεντιαλ ςολταγεΧΛ=50 πϕΡλοαδ=125 Ω200 μς T a b l e 3 . 2 . 2 5 i : O u t p u t L e v e l s f o r D a t a l i n k O u t p u t s P a r a m e t e r M i n i m u m M a x i m u m U n i t s

Output Voltage low VOLRload =100Ω±1%1000mV

Output Voltage High VOHRload =100Ω±1%1400mV

Output offset VoltageRload =100Ω±1%11251275mV

Output Differential VoltageRload =100Ω±1%250400mV

OutputimpedanceIload =2mA to 3mA40280Ω

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 2 5 j : D A C I n p u t a n d O u t p u t l e v e l s P a r a m e t e r M i n i m u m T y p i c a l M a x i m u m

IDARDACreferencecurrent-270μA-300μA-363μA

CALI-(IDAR/256) *num -10%-(IDAR/256) *num-(IDAR/256) *num +10%

ITH (IDAR/256) *num -10%(IDAR/256) *num (IDAR/256) *num +10%

IVI1-(IDAR*1.2/16) *num -10%-(IDAR*1.2/16) *num-(IDAR*1.2/16) *num +10%

Num is the value loaded into the DAC register

3 . 2 . 2 6 . T i m i n g S p e c i f i c a t i o n s Many timing specifications will only be determined after chips are fabricated and characterized. Some requirements whichcan be specified now are as follows:T a b l e 3 . 2 . 2 6 a : C l o c k T i m i n g S p e c i f i c a t i o n s P a r a m e t e r M i n i m u m T y p i c a l M a x i m u m clkdutycycleTBD50%TBD clk rising edge to com rising edgeTBDTBD com high timeTBDclkperiod clk rising edge to datain rising edgeTBDTBD clk rising edge to tokenin rising edgeTBDTBD clk rising edge to datalink rising edgeTBDTBD clk rising edge to dataout rising edgeTBDTBD clk rising edge to tokenout rising edgeTBDTBD

T a b l e 3 . 2 . 2 6 b : C a l i b r a t i o n O u t p u t T i m i n g S p e c i f i c a t i o n s P a r a m e t e r M i n i m u m T y p i c a l M a x i m u m

CALSP/CALSN strobe width125 ns

CALSP/CALSN strobe edge delay after rising clkedgeofcommandreceipt(StrobeDelayReg=0)0 ns

Step size of Strobe Delay Reg0.6 ns1.1 ns1.6 ns

CALSP/CALSN risetime (differential)4 ns

CALSP/CALSN delay after transition of CALD0,CALD1(determinedbycommandcontrol)250 ns

Off interval between consecutive CALSP/CALSNpulses(determinedbycommandcontrol)250 ns

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

3 . 2 . 2 7 . P h y s i c a l L a y o u t The digitized area of the chip has dimensions 5.450˚mm x 5.800˚mm. The spacing on the reticle for wafer printing is5.700˚mm x 6.100˚mm. The final cut die size is dependent upon the saw cut but should have approximate dimensions5.670˚mm x 6.070˚mm with an uncertainty of

+ 20˚μm in each dimension.

BypassDataOutputBypassTokenInputPipeline &Readout BufferBypassTokenOutputBypassDataInputReadoutDecoderROC

T o k i n

I n p u t

D a t a

O u t p u t

L

V

D

S

O u t p u tPower-onReset

L

V

D

S

I n p u t

L

V

D

S

I n p u t

L

V

D

S

I n p u t

L

V

D

S

I n p u t

D a t a

I n p u t

T o k e n

O u t p u t

D

C

L

F a n

I n

P a d sDACs

F i g u r e 3 . 2 . 2 7 a : C h i p L a y o u t N o t e C h a n n e l 0 i s a t t h e l o w e r e d g e o f t h i s f i g u r e . T h e o t h e r c h a n n e l s , a d d r e s s e d 1 t h r o u g h 1 2 7 , a r e l o c a t e d consecutively from bottom to top. This numbering convention affects which channels are tested by the binary encodedchannel address lines, calmode(1:0), to the Input Level Translators (See Section 3.2.1.) and the channel addresses whichbecome part of the Physics Data reported by the chip (See Section 3.2.17.). This also corresponds to the CAFE-P padlayout.

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9

3.2.27.1. Bond Pad ArrangementThe bond pad arrangement of the ABC is shown in the figure and table below. Not all of the test pads are shown in thefigure. The pads on the left edge of the chip have been arranged on a pitch which enables the ABC chip to be wirebonded directly to the CAFE-P chip. All pads critical to chip functionality are

> 150 μm wide to accommodate doublebond wires for greater reliability. The chip dimensions shown in the figure are for the digitized area, not the final cut diesize.

vdd!gnd!tokenout0Btokenout0datain0Bdatain0clk0Bclk0clk1Bclk1id<4>id<3>id<2>id<1>id<0>masterBcom1Bcom1com0Bcom0selectresetBdatalinkBdatalinkdataout0dataout0Btokenin0tokenin0Bgnd!vdd!

5450μ d a c

_ v d d

!

d a c

_ g n d

!

C

A

L

D

1

C

A

L

D

0

I

N

R

H

I

N

R

L t o k e n o u t

1

B

C

A t o k e n o u t

1 d a t a i n

1

B d a t a i n

1

I

V

I

1 t o k e n i n

1

B t o k e n i n

1 d a t a o u t

1

B d a t a o u t

1

5

8

0

0

μin<1>in<0>DRETin<2>in<3>in<4>in<124>in<123>in<122>in<125>in<126>in<127>CALSPCALSNITHITHIDARINRHDRETIDARINRLINRHINRLCALD1CALD0CALIDRET

t e s t

_ r s t

B t e s t

_ c l k t e s t

_ o u t t e s t

_ s t r o b e s m t

_ i n p

I

L

T

_ v d d

!

I

L

T

_ g n d

!F i g u r e 3 . 2 . 2 7 b : C h i p P a d L a y o u t

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T a b l e 3 . 2 . 2 7 : B o n d P a d C o o r d i n a t e s Coordinates at centre of each pad are from lower left corner of digitized area as seen in Figure 3.2.27b. Sizes are for padopenings. Metal areas of pads are slightly larger.L e f t E d g e 1st rowL e f t E d g e 2ndrow

P a d N a m eC e n t r e ( x ) C e n t r e ( y ) S i z e ( x ) S i z e ( y )P a d N a m eC e n t r e ( x ) C e n t r e ( y ) S i z e ( x ) S i z e ( y ) i n < 1 > 7811814060i n < 0 > 2787814060 i n < 4 > 7823814060i n < 3 > 27819814060 i n < 7 > 7835814060i n < 6 > 27831814060 i n < 1 0 > 7847814060i n < 9 > 27843814060 i n < 1 3 > 7859814060i n < 1 2 > 27855814060 i n < 1 6 > 7871814060i n < 1 5 > 27867814060 i n < 1 9 > 7883814060i n < 1 8 > 27879814060 i n < 2 2 > 7895814060i n < 2 1 > 27891814060 i n < 2 5 > 78107814060i n < 2 4 > 278103814060 i n < 2 8 > 78119814060i n < 2 7 > 278115814060 i n < 3 1 > 78131814060i n < 3 0 > 278127814060 i n < 3 4 > 78143814060i n < 3 3 > 278139814060 i n < 3 7 > 78155814060i n < 3 6 > 278151814060 i n < 4 0 > 78167814060i n < 3 9 > 278163814060 i n < 4 3 > 78179814060i n < 4 2 > 278175814060 i n < 4 6 > 78191814060i n < 4 5 > 278187814060 i n < 4 9 > 78203814060i n < 4 8 > 278199814060 i n < 5 2 > 78215814060i n < 5 1 > 278211814060 i n < 5 5 > 78227814060i n < 5 4 > 278223814060 i n < 5 8 > 78239814060i n < 5 7 > 278235814060 i n < 6 1 > 78251814060i n < 6 0 > 278247814060 i n < 6 4 > 78263814060i n < 6 3 > 278259814060 i n < 6 7 > 78275814060i n < 6 6 > 278271814060 i n < 7 0 > 78287814060i n < 6 9 > 278283814060 i n < 7 3 > 78299814060i n < 7 2 > 278295814060 i n < 7 6 > 78311814060i n < 7 5 > 278307814060 i n < 7 9 > 78323814060i n < 7 8 > 278319814060 i n < 8 2 > 78335814060i n < 8 1 > 278331814060 i n < 8 5 > 78347814060i n < 8 4 > 278343814060 i n < 8 8 > 78359814060i n < 8 7 > 278355814060 i n < 9 1 > 78371814060i n < 9 0 > 278367814060 i n < 9 4 > 78383814060i n < 9 3 > 278379814060 i n < 9 7 > 78395814060i n < 9 6 > 278391814060 i n < 1 0 0 > 78407814060i n < 9 9 > 278403814060 i n < 1 0 3 > 78419814060i n < 1 0 2 > 278415814060 i n < 1 0 6 > 78431814060i n < 1 0 5 > 278427814060 i n < 1 0 9 > 78443814060i n < 1 0 8 > 278439814060 i n < 1 1 2 > 78455814060i n < 1 1 1 > 278451814060 i n < 1 1 5 > 78467814060i n < 1 1 4 > 278463814060 i n < 1 1 8 > 78479814060i n < 1 1 7 > 278475814060 i n < 1 2 1 > 78491814060i n < 1 2 0 > 278487814060 i n < 1 2 4 > 78503814060i n < 1 2 3 > 278499814060 i n < 1 2 7 > 78515814060i n < 1 2 6 > 278511814060

INRH78527614060INRL278523614060

INRH78539614060INRL278535614060

IDAR78551814060IDAR278547814060

ITH78563814060CALSN278559814060

ITH78575814060C A L S P 278571814060

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 L e f t E d g e 3rdrowT o p E d g e

P a d N a m eC e n t r e ( x ) C e n t r e ( y ) S i z e ( x ) S i z e ( y )P a d N a m eC e n t r e ( x ) C e n t r e ( y ) S i z e ( x ) S i z e ( y )

DRET4783814060IVI18095717160150 i n < 2 > 47815814060dac_gnd!10095717160150 i n < 5 > 47827814060dac_vdd!12095717160150 i n < 8 > 47839814060tokenout1B31925712100160 i n < 1 1 > 47851814060tokenout134425712100160 i n < 1 4 > 47863814060datain1B36925712100160 i n < 1 7 > 47875814060datain139425712100160 i n < 2 0 > 47887814060 i n < 2 3 > 47899814060R i g h t E d g e i n < 2 6 > 478111814060P a d N a m e C e n t r e C e n t r e S i z e S i z e i n < 2 9 > 478123814060vdd!536288160160 i n < 3 2 > 478135814060gnd!5362308160160 i n < 3 5 > 478147814060tokenin0B5362525160100 i n < 3 8 > 478159814060tokenin05362715160100 i n < 4 1 > 478171814060dataout0B5362905160100 i n < 4 4 > 478183814060dataout053621095160100 i n < 4 7 > 478195814060datalink53621285160100 i n < 5 0 > 478207814060datalinkB53621475160100 i n < 5 3 > 478219814060resetB53621665160150 i n < 5 6 > 478231814060select53621855160150 i n < 5 9 > 478243814060com053622045160100 i n < 6 2 > 478255814060com0B53622235160100 i n < 6 5 > 478267814060com153622425160100 i n < 6 8 > 478279814060com1B53622615160100 i n < 7 1 > 478291814060masterB53622805160150 i n < 7 4 > 478303814060id<0>53622995160150 i n < 7 7 > 478315814060id<1>53623185160150 i n < 8 0 > 478327814060id<2>53623375160150 i n < 8 3 > 478339814060id<3>53623565160150 i n < 8 6 > 478351814060id<4>53623755160150 i n < 8 9 > 478363814060clk153623945160100 i n < 9 2 > 478375814060clk1B53624135160100 i n < 9 5 > 478387814060clk053624325160100 i n < 9 8 > 478399814060clk0B53624515160100 i n < 1 0 1 > 478411814060datain053624705160100 i n < 1 0 4 > 478423814060datain0B53624895160100 i n < 1 0 7 > 478435814060tokenout053625085160100 i n < 1 1 0 > 478447814060tokenout0B53625275160100 i n < 1 1 3 > 478459814060gnd!53625492160160 i n < 1 1 6 > 478471814060vdd!53625712160160 i n < 1 1 9 > 478483814060 i n < 1 2 2 > 478495814060B o t t o m E d g e i n < 1 2 5 > 478507814060P a d N a m e C e n t r e C e n t r e S i z e S i z e

DRET478519814060ILT_gnd!70883160150

DRET478531814060ILT_vdd!90883160150

CALI478543814060tokenin1B424288100160

CALD0478555814060tokenin1449288100160

CALD1478567814060dataout1B474288100160 dataout1499288100160

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚

˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ ˚ A T L A S B i n a r y R e a d o u t I C ( A B C ) S p e c i f i c a t i o n V 5 . 0 1 2 1 - J u l - 1 9 9 9 T o p E d g eIntendedforwaferprobeM i s c . L o c a t i o n s IntendedforDiagnostics

P a d N a m eC e n t r e ( x ) C e n t r e ( y ) S i z e ( x ) S i z e ( y )P a d N a m eC e n t r e ( x ) C e n t r e ( y ) S i z e ( x ) S i z e ( y )

CALD114095740100100IDAR67353442020

INRH16095740100100ITH70855702020

INRL18095740100100C A L S P 146056292020

CALD020095740100100CALSN152656292020

CA22095740100100ndrain1p288228360100 pdrain588245860100

T o p E d g e IntendedforDiagnosticsndrain0p8100225860100

P a d N a m e C e n t r e C e n t r e S i z e S i z e pdrain2100245860100 ndrain211225860100 test_rstB24825742100100ngate112225860100 test_clk26625742100100pdrain1p2112245860100 test_out28425742100100ndrain512425860100 test_strobe30225742100100psource124225860100 tokenBackB446055963030pdrain0p8124245860100 datainB446056863030nsource13625860100 poweron_rst446057763030pvdd136225860100 s m t _ i n p 46245741100100pgate136245860100 gnd!175825860100 token_startB42536843030 data_validB43706843030 tokenin476910463030 dataoutB476911463030 com<1>476919033030 datalink_test476931363030 clk<1>476934233030

ILT_out<11>102910692020

ILT_out<26>102914432020

ILT_out<41>102918132020

ILT_out<56>102921872020

ILT_out<71>102925572020

The next two pads have no passivation cut.ILT_out<86>102929312020 s m t _ o u t 476557382020ILT_out<91>102933012020 vdiode475256582020ILT_out<116>102936752020