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NCR 1.5µ ViGen LIBRARY DATA SHEETS 
ALPHABETICAL CONTENTS 

CELL NAME CELL DESCRIPTION 

ALU GEN ALU Generator 

CNTRGEN Binary Counter Generator 

DPRGEN Dual Port RAM Generator 

Fl FOG EN FIFO Generator 

MACCGEN MAC Generator 
MULTGEN Multiplier Generator 

MUXGEN Data Multiplexer Generator 

RAM GEN RAM Generator 
ROM m x n ROM Generator 

SHFTGEN Shift Register Generator 
SAAM m x n High Speed Static RAM Generator 
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ALU GEN 
ViGen CONFIGURABLE FUNCTION 

VS1500 ALU 

GENERAL DESCRIPTION 

• Performs the same 16 logical and 16 arithmetic 

operations as the TrL '181 ALU 
• Static operation (no clocks) 

• Carry look-ahead is internally generated 
• Post-shift option allows a logical or arithmetic 

function plus a one-bit left or right shift in a 
single operation 

• Selectable 2- through 32-bit input and output 
data buses 

This generator builds a fast, static ALU that Is based 
-on the TrL '181 ALU. The sixteen arithmetic and 

sixteen logical functions provided are the same as 
those of the '181. The functions are selected by four 
function selector lines (S3, S2, S1, and SO), the MODE 
input (low - arithmetic, high - logical) and the 
active-low carry In (CINB). 

INPUT PARAMETER RANGES 

INPUT ALLOWED 
PARAMETER RANGE 

SYMBOL 

The symbol for ALUGEN will be unique for each 
configuration. An example is given here only for 

reference. 

Nblta • N 

!NJ F !NI 
(NJ COUT 

EXPLANATION 

COUTHl 
SHOULLO 
SHOUTJH 

ALUGEN 

Nb its 2 - 32 Number of bits in the input and output data buses. 
even only 

Shift O or 1 

Rev. 1.0 

Post-shift option (1 =yes, O=-no). 

NCR VSJSOO Generator 
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ALUGEN 
ViGen CONFIGURABLE FUNCTION 

DIFFERENCES BETWEEN ALUGEN AND THE TTL '181 ALU 
• Carry out is provided from the two most significant bits in ALUGEN, making overflow detection easy. 

The '181 provides carry out only from the most significant bit. These active high carry outs will 
remain high for all logical mode operations. 

• A post shift option is provided in ALUGEN. When enabled, extra control lines allow selection of 
NOSH (no shift), SHL (shift left by one bit), or SHR {shift right by one bit). This shift is done on the 
result of whatever function is selected in normal operation, making it possible to do an arithmetic or 
logical operation followed by a one-bit shift in one cycle. Deselecting all of the shift control inputs 
will tristate the output bus. Serial inputs and outputs are provided for both the least and most 

significant bits. 
• The P/ and G/ outputs of the '181, used for carry look-ahead, are not provided and are not needed, 

since carry look-ahead is handled internally to ALUGEN. Standard '181 s are extended to larger data 

words by cascading devices, and if carry look-ahead is desired, it must be done externally using 

'182s. ALUGEN accepts any data word size (even only) as input and builds its own internal custom 
carry look-ahead. 

• The A=B output of the '181 is not provided in ALUGEN. 

INPUTS/OUTPUTS 
Definitions of the ALUGEN inputs and outputs are given in the following table. Input and output pin 
names are listed in pin-number sequence. 

PIN NAME DEFINITION REQ/ CAP (pF) OPT 

INPUTS: 
A (N) A input bus REQ 0.326 
B (N) B input bus REQ 0.290 
CINB Carry input (active low) REQ 0.058 
MODE Mode control (High == logical, Low = arithmetic) REQ 0.054 

so Function select input O REQ 0.055 

S1 Function select input 1 REQ 0.055 

S2 Function select input 2 REQ 0.055 

S3 Function select input 3 REQ 0.055 

SHL Shift left by one bit control (Notes 1, 2) OPT 0.255 

SHR Shift right by one bit control (Notes 1, 2) OPT 0.255 

NOSH No shift (Note 1) OPT 0.255 

SHIN_LO Shift in to least significant bit OPT 0.118 

SHIN_HI Shift in to most significant bit OPT 0.118 

OUTPUTS: 
F (N) Output data bus REQ 0.230 

COUT Carry out (active high} REQ 

COUTM1 Carry out from second most significant bit (active high) REQ 

SHOULLO Shift out from least significant bit ( =F (0) ) OPT 0.118 

SHOUT_HI Shift out from most significant bit ( =F (Nbits-1)) OPT 0.118 

NOTE 1: Only one of SHL, SHR, and NOSH can be active at a time. 
NOTE 2: SHL - bit O shifts to bit 1 position, etc. SHR - bit 1 shifts to bit 0 position, etc. 

NCR VS1500 Generator 
Page 2 

Rev. 1.0 



ALU GEN 
VIGen CONFIGURABLE FUNCTION 

SELECT ABLE FUNCTIONS 

SELECTION MODE - H MODE - L (Arithmetic Operations) 

S3 S2 S1 so Logical Functions CINB - H CINB - L 
(no carry) (carry) 

L L L L F - A/ F-A F - A plus 1 

L L L H F - (A+B)/ F-A+B F - (A+B) plus 1 

L L H L F - (A/)B F - A+ B/ F - (A+B/) plus 1 

L L H H F-0 F•all1's F•O 

L H L L F - (AB)/ F - A plus AB/ F - A plus AB/ plus 1 

L H L H F - B/ F - (A+B) plus AB/ F • (A+B) plus AB/ plus 1 

L H H L F - A exor B F - A minus B minus 1 F =A minus B 

L H H H F =AB/ F - AB/ minus 1 F =AB/ 

H L L L F-A/+B F - A plus AB F - A plus AB plus 1 

H L L H F .. (A exor B)/ F •A plus B F = A plus B plus 1 

H L H L F-B F - (A+B/) plus AB F = (A+B/) plus AB plus 1 

H L H H F =AB F =AB minus 1 F =AB 

H H L L F=all1's F - A plus A F - A plus A plus 1 
H H L H F =A+ B/ F = (A+B) plus A F = (A+B) plus A plus 1 

H H H L F-A+B F • (A+B/) plus A F - (A+B/) plus A plus 1 

H H H H F=A F =A minus 1 F=A 

H =high L =low + - logical OR 

FUNCTIONAL BLOCK DIAGRAM 

Rev. 1.0 

S8, S1, S2, S3 

.. R .. input 
do to 

Nbits / 
wide 

.. B" input 
do to 

MODE 

CINB 

NOSH ~ If Sh1ft=1 only. 
SHL Pulling NOSH, SHL, 
SHA and SHR all low will 
SHIN_LO tristate the ''F'" 
SHIN_HI outputs . 

SHOUT_HI (If Shif't=l 
SHOUT _LO S only 

COUT 
COUTMl 

.. F" output doto 
CNbits wide) 

NCR VSJSOO Generator 
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ALU GEN 
ViGen CONFIGURABLE FUNCTION 

TIMING PARAMETERS .AND CELL SIZE AS 
FUNCTIONS OF INPUT PARAMETERS 

Timing parameters are specified for nominal process, Vdd - 5.0 V, and temperature - 25°C. See the 
NCR ASIC Data Book for information on derating factors for process, voltage, and temperature. Input 

parameters are Nbits and Shift. CL is output capacitance In pF. 

PARAM DESCRIPTION 

t ifa Any A[i] or B[i] input to any F[i] or SHOUT 
output, arithmetic mode 

t ica Any A[i] or B[i] input to COUT or COUTM1, 

arithmetic mode 

tcta 

tshf 

CINB to any F[i] or SHOUT output, arithmetic 
mode 

CINB to COUT or COUTM1, arithmetic mode 

Any A[i] or B[i] input to any F[i], or SHOUT 

output, logic mode 

SO,S1 ,S2,S3 or MODE to any F[i], COUT, 
COUTM1 or SHOUT output 

NOSH, SHL, SHR or SHIN to any F[i] or 

SHOUT output 

Cell Width (mils) = 21.67 + 3.31 *Shift 
Cell Height (mils) - 2.94 + 2.07*Nbits + 0.78*Shift 

NCR VS1500 Generator 
Page 4 

TYPICAL VALUE (ns) 

t ifa - 7 .05 + 0.20*Nbits + 0.64*Shift + 
(0.90 + 0.45*Shift)*CL 

t ica • 7 .30 + 0.20*Nbits + 1. 77*CL 

tcta - 4.45 + 0.20*Nbits + 0.64*Shift + 
(0.90 + 0.45*Shift)*CL 

tcca - 4.95 + 0.20*Nbits + 1.77*CL 

t ifl - 3.57 + 0.55*Shift + (0.90 + 0.45*Shift)*CL 

tsf - 8.45 + 0.068*Nbits + 0.77*Shift + 
(0.90 + 0.45*Shift)*CL 

t shf - 0.80 + 0.039*Nbits + 1.35*CL 

Rev. 1.0 



ALUGEN 
ViGen CONFIGURABLE FUNCTION 

TIMING EXAMPLES 

Timing for a 16-Bit ALU Without Post Shift 

NOMINAL WORST CASE (/') 

VDD=SV VDO=Y:.SV ~ -SYMBOL PARAMETER TA=25C TA=713C TA=BSC TA=125C z 
:::> 

MIN MAX MIN MAX MIN MAX MIN MAX 
tif'ei FroM A, B to F, SHOUT 11 22 23 26 ArithMetic Mode ns 

ticei FroM A, B to COUT, COUTMl 11 23 2Y: 27 Ar1thMet1c Mode ns 

tcfei FroM CINB to F, SHOUT 
8 17 17 19 Ar1thMet1c Mode ns 

tccei FroM CINB to COUT, COUTH1 9 19 19 22 Ari thl'letic Mode ns 
ti;1 FroM A, B to F, SHOUT 

Y: 8 9 Hl Logic Mode ns 

tsf' FroM Sl3-S3, MODE to F, SHOUT 18 213 21 21.J. ns 
Switching Chorocteristics (In p ut tr,tf=T.l!ns, IT ::u. -s· IFT p 

Timing for an 8-Bit ALU With Post Shift 

NOMINAL WORST CASE (/') 

VDD=5V VDD=Y:.SV ~ -SYMBOL PARAMETER TA=25C TA=713C TA=85C TA=125C z 
:::> 

MIN MAX MIN MAX MIN MAX MIN MAX 
tif'ei FroM A, B to F. SHOUT 

18 213 21 21.J. Arithr1etic Mode ns 

ticei FroM A, B to COUT, COUTM1 
18 21 22 25 Ari thr1etic Mode ns 

tcf'ei FroM CINB to F, SHOUT 7 15 16 18 ArithMetic Mode ns 

tccei Fro"' CINB to COUT, COUTM1 
8 17 17 19 Arithl'letic Mode 

ns 

t 1 f' l FroM A. B to F, SHOUT 5 18 10 12 Lo_g_i c Mode ne 

tsf' FroM Sl3-S3, HOOE to F, SHOUT Hl 21 22 25 ns 
tshf' FroM NOSH, SHL, SHA, SHIN 2 l,l l,l l,l 

to F, SHOUT 
ns 

Switching Chorocteristics Clnput tr,tf=l.l!ns, CL=G.Spfl 

Rev. 1.0 NCR VS1500 Generator 
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ALUGEN 
ViGen CONFIGURABLE FUNCTION 

APPLICATION NOTES 

Use Of The Shift Function 
lhe optional shift function allows more complicated functions than are possible with just the '181 
compatible operations. 

lhe three shift control !Ines (SHL, SHA, and NOSH) control the shift operation. Only one of these lines 
may be asserted active high at a time. lhe physical Implementation uses three CMOS transmission 
gates per output. The three control lines select one of the three transmission gates per output. If all 
three control lines are pulled low, the output bus will be tristated. 

The SHIN and SHOUT lines allow shift-in and shift-out at the ends of the output bus. For instance, 
when shifting left using the SHL control, the signal level on the SHIN_LO will appear on F[O), and the 
most significant bit of the ALU operation will appear on SHOUTJil. The SHOUT_LO output will be 
tristated in this case. Similarly, a shift right operation will take the signal from SHINJil to F[msb], and 
the least significant ALU bit will appear on SHOUT_LO. 

'These operations are shown in Figure A-1. 

SHIFT LEFT 

SHIFT RIGHT 

ALU OUTPUT fJ 

OUTPUT PINS Fl11 FlBI 

NO SHIFT 

Figure A-1 Shift operations 

Limitations 

SHL•H 
SHR•L 
NOSH•L 

SHL•L 
SHR•H 
NOSH=L 

SHL•L 
SHR•L 
NOSH=H 

QUICKSIM Save and Restore functions will not currently operate with generated cells. 

NCR VS1500 Generator 
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CNTRGEN 
ViGen CONFIGURABLE FUNCTION 

VS1500 Binary Counter 

GENERAL DESCRIPTION SYMBOL 

• The counter Is an n-bit synchronous (positive 
edge triggered) counter 

• Allowed functions Include count up, count down, 
load, clear and hold 

The symbol for CNTRGEN will be unique for each 
configuration. An example Is given here only for 
reference. 

• Optionally trlstatable outputs 
• An optional comparison circuit can be Included 

to output a high level when the output bus 

matches an external compare bus 

CNTRGEN Is a positive edge triggered binary counter. 
The load, count up and count down operations occur 
synchronously with the positive clock edge. The clear 

operation is asynchronous. Garry out and compare 
oot signals are generated from the Q outputs and will 
have an additional delay from the positive clock edge. 
The compare and carry out signals can be fed back as 

load or clear signals, provided the minimum clock 
period and setup times are satisfied. 

INPUT PARAMETER RANGES 

BITS = N 
DIN INl 
CMPIN !Nl 

CLA 
LO 

Q CNl 
COUT 

CM POUT 

CNTRGEN 

CNTUP 
CNTDN 
E~B 

INPUT ALLOWED EXPLANATION PARAMETER RANGE 

BITS 4 - 32 Number of bits in counter. 

CNTUP_OPT 0 or 1 O: No count up option 
1: Count up option* 

CNTDN_OPT 0 or 1 0: No count down option 
1: Count down option* 

LOAD_OPT o or 1 0: No parallel data load 
1: Parallel data load 

COMPARE_OPT O or 1 0: No compare function 
1: Compare output to external bus option 

TRISTATE_OPT O or 1 0: Always driving outputs 
1: Trlstatable outputs 

*One or both of CNTUP_OPT and CNTDN_OPT must be selected 

Rev. 1.0 NCR VS1500 Generator 
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CNTRGEN 
ViGen CONFIGURABLE FUNCTION 

INPUTS/OUTPUTS 

PIN NAME FUNCTION 

INPUTS: 
DIN (N) Parallel load input data bus 

CMPIN (N) Compare input bus 
CLR Clear - resets all Q outputs to 0 

LO Load from DIN (N) on rising edge of CK 

CNTUP Count up on rising edge of CK 

CNTDN Count down on rising edge of CK 

ENS Output enable, tristates Q when high 

CK Clock 

OUTPUTS: 
Q (IN) Output bus 
GOUT Carry out from most significant bit 

CM POUT Output compare (high if CMPIN bus matches Q bus) 
* One or both of CNTUP _OPT and CNTDN_OPT is required 
# CNTU P _OPT only 
& CNTUP _OPT and CNTDN_OPT both selected 

NCR VS1500 Generator 
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REQ/ CAP 
OPT (pF) 

OPT 0.118 
OPT 0.096 
REQ 0.054 

OPT 0.054 

OPT* 0.060# 
0.138& 

OPT* 0.080 

OPT 0.054 
REQ 0.054 

REQ 0.271 
REQ 

OPT 

Rev. 1.0 



FUNCTIONAL BLOCK DIAGRAM 

CNTUP CNTDN LO 

CK CONTROL 

cerryinb 

DIN Cl:ll COUNTER BIT CMPIN C01 

• 
• 
• 

DIN CBITS-1 I COUNTER BIT 
CMPIN CBITS-1 I (BITS-ll 

0 

ENB CLA 

cl'lpout 
end 

cerryoutb 

Cl'lp end 
cerru out 
collection 

up cerryinb ld ldb clr ckckb 

-:.:.0-+-.+-1 D Q 

CK 
~ 

CNTRGEN 
ViGen CONFIGURABLE FUNCTION 

Q (0) 

QCBITS-11 

CMPOUT 

COUT 

enb 

::::>o--+---------.i Q [ ii 

CMPINCil.,_--+-----------------------~ 

cerryoutb 
COUNTER BIT 

Rev. 1.0 

cl'lpout 

NCR VS1500 Generator 
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CNTRGEN 
ViGen CONFIGURABLE FUNCTION 

AC WAVEFORMS 

Counting and Loading 

CK 

CNTUP, 
CNTON, 
LO 

DIN[Nl 

Q[Nl 

1'.ck pw 1 tck pwh 

1'.cntsu 
tldsu 

1'.ck cor 1'.cn tcor 1'.cn tcor 
COUT 

Clear, Compare and Tristate Operations 

CK y 
~1'.clrh .... lt-"tc 1 rrec-1 

CLR v 
--1 1' 

ENS )/ 1--. 
It- "tclrp-.. It- ~_ttr-1 

Q [ N 1 ).,. L " j 

lt-1'.c 1 rcor•-. 
COUT 'V 

CMPIN[N ] 

CMPOUT 
1t-1'.clrcMp-1 jt-1'.ck CMp -I if- 1:c Mp -I 

'-V _/r-... x 
• COUT foll1ng opplies in count up Mode ond COUT rising 

opplies in count down Mode. 

NCR VS1500 Generator 
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CNTRGEN 
VIGen CONFIGURABLE FUNCTION 

TIMING PARAMETERS AND CELL SIZE AS 
FUNCTIONS OF INPUT PARAMETERS 

1. The input parameters are: BITS, CNTUP_OPT, CNTDN_OPT, LOAD_OPT, COMPARE_OPT, and TRISTATE_OPT. 

CL is output capacitance in pF. 
2. Timing parameters are specified for nominal process, Vdd-5.0 volts, and temperature - 25°C. See the NCR 

ASIC Data Book for information on deratlng factors for process, voltage and temperature. The (1' plh) 

notation refers to the output switching from low to high, and (tphl) from high to low. 

PA RAM 

tcntsu 

tenth 

t1dsu 
t1dh 

tdsu 

tdh 

tckpwl 

tckpwh 

tclrh 

tclrrec 

tckp 

tckcar 

temp 

Rev. 1.0 

DESCRIPTION 

CNTUP, CNTDN set up time 

CNTUP, CNTDN hold time 

LO setup time 

LO hold time 

DIN setup time 

DIN hold time 

Min CK pulse width (low) 

Min CK pulse width (high) 

Min CLR pulse width (high) 

CLR recovery time (CLR 

release to rising CK edge) 

CK to Q delay 

ENB to tristate on or 

off delay 

CK to carry out delay 

CMPIN to CMPOUT delay 

lYPICAL VALUE (ns) 

5.13 + 0.258*BITS + 5.74*CNTDN_OPT 

0 

5.34 

0 

5.12 

0 

6.66 + 0.137*BITS + 0.65*CNTDN_OPT 

6.66 + 0.137*BITS + 0.65*CNTDN_OPT 
6.66 + 0.137*BITS + 0.65*CNTDN_OPT 

6.66 + 0.137*BITS + 0.65*CNTDN_OPT 

tplh =- 5.06 + 0.022*BITS + 0.18*COMPARE_OPT + 
0.80*TRISTATE_OPT + (0.80 + 1.22*TRISTATE_OPT)*CL 

tphl = 5.39 + 0.021*BITS + 0.25*COMPARE_OPT + 
1.01 *TRISTATE_OPT + (0.86 + 0.83*TRISTATE._OPT)*CL 

t pl h = 2.53 + 0.020*BITS + 2.13*CL 

t phi - 2.86 + 0.020*BITS + 1.51 *CL 

tplh - 8.90 + 0.308*BITS + 0.32*TRISTATE_OPT + 
2.38*CNTDN_QPT + 1.01 *CL 

tphl - 8.90 + 0.042*BITS + 0.54*TRISTATE_OPT + 
1.19*CNTDN_OPT + 0.83*CL 

t plh = 2.92 + 0.116*BITS + 3.18*CL 

t phi - 3. 70 + 0.135*BITS + 0.57*CL 

NCR VS1500 Generator 
Page 11 



CNTRGEN 
ViGen CONFIGURABLE FUNCTION 

t ckcmp CK to CM POUT delay 

TRISTATE...OPT - 0: 

TRISTATE...OPT - 1: 

t cl rp CLR to Q delay 

tclrcar CLR to COUT delay 

t cl rcmp CLR to CM POUT delay 

t cntcar CNTUP to COUT delay 

t cntcar CNTDN to COUT delay 

Cell Width (mils) 

for BITS S 16: 

t plh - tckp (Low to High) + 3.44 + 0.68*BITS + 3.18*CL 

t phi = t ckp (High to Low) + 1.10 + 0.035*BITS + 0.57*CL 

tplh - 8.44 + 0.190*BITS + 3.18*CL 

t phi - 6.85 + 0.069*BITS + 0.57*CL 

tphl - 4.31 + 0.083*BITS + 0.67*COMPARE...OPT + 

1.44*TRISTATE...OPT + (0.80 + 1.22*TRISTATE...0Pl)*CL 

t plh - 11.30 + 0.336*BITS + 0.47*TRISTATE...OPT + 1.01 *CL 
tphl - 10.39 + 0.031*BITS + 0.47*TRISTATE_OPT + 

1.37*CNTDN_OPT + 0.83*CL 

tplh - tclrp + 2.14 + 0.162*BITS + 3.18*CL 

t phi - tclrp + 0.97 + 0.038*BITS + 0.57*CL 

t plh - 2.47 + 0.353*BITS + 6.22*CNTDN_OPT + 1.01 *CL 
t phi • 2. 73 + 0.097*BITS + 1. i S*CNTDN_OPT + 0.83*CL 

t plh - 4.55 + 0.360*BITS + 1.01 *CL 

t phi - 4.29 + 0.093*BITS + 0.83*CL 

9.7 + 2.1 *LOAD_OPT + 2.6*COMPARE...OPT + 1.0*TRISTATE...OPT +(offset) 

offset - (0 CNTUP _OPT only) 

(0.5 CNTDN_OPT only) 

(1.3 CNTUP _OPT and CNTDN_OPl) 

for BITS > 16: 

19.2 + 4.1 *LOAD_OPT + 5.2*COMPARE...OPT + 2.1 *TRISTATE...OPT + (offset) 

offset= (0 CNTUP_OPT only) 

(1.0 CNTDN_OPT only) 

(2.6 CNTUP_OPT + CNTDN_OPl) 

Cell Height (mils) = 3.6 + 3.13*BITS tor BITS S 16 

== 3.6 + 1.56*BITS for even BITS > 16 

== 3.6 + 1.56*(BITS + 1) for odd BITS > 16 

NCR VS1500 Generator 
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CNTRGEN 
VIGen CONFIGURABLE FUNCTION 

TIMING EXAMPLES: 

8-Bit Up/Down Counter with Compare and Tristate 

-S- -a-IT UPIUUW N -COUNITR ~ • .-r th NOMINAL WORST CASE en 
COMPARE_OPT ond TRISTATE_OPT VDD=5V VDD=Y..5V I-...... 

TA•25C TA=70C TA=85C TA=125C z 
SYMBOL PARAMETER ::::> 

MIN MAX MIN MAX MIN MAX MIN MAX 
tckp CK to Q deley 

LH 7. 1 1 ij. 5 15. 1 17.0 
HL 7.7 15.7 16. ll 18. I! ns 

tckcer CK to COUT delay 
LH 11!. 6 29.9 31. 2 35.8 
HL 11. ll 23.3 21!. ll 27.3 ns 

tckcl"lp CK to CMPOUT deleu 
LH 11. 6 23.7 21!.7 27.7 
HL 7.7 15.8 16.5 18 .1,1 

ns 

tcl"lp CMPIN to CMPOUT dsla1.1 
LH 5. ij 11. 1 11. 6 13. 1 
HL 5. 1 18. ll HJ. 8 12.2 ns 

ttr ENB to Q LH 3.8 7.7 a.a 9.© 
Con or of'f') HL 3.8 7.7 8.1 9. 1 ns 

tc 1 r-2_ CLR to Q de 1 e_y_ HL 0. 1 16.6 17.3 19. Ll ns 

. tclrcer CLR to COUT deley 
LH 15.© 30.7 32.8 35.9 
HL 12.9 26.ll 27.6 30.9 ns 

tclrcl"lp CLR to CM POUT dele1.1 
LH 13. 1 26.9 28.1 31. 5 
HL 9.7 19.8 28.7 23.2 ns 

ten teer CNTUP to COUT deleu 
LH 12.8 21.1.6 25.7 28.8 
HL 5. 1 18. ij 18.9 12.2 ns 

ten teer CNTDN to COUT deley 
LH 7.9 16.3 17.8 19.0 
HL 5.ll 11. 2 11. 7 13.1 ns 

Tcntsu CNTUP/CNTON setu-2_ til"le 12.9 26.5 27.7 31. 8 ne 
tenth CNTUP/CNTON hold t1 ... e 0 8 8 8 ns 

.. Tclrh Min CLR _2_ulse width (hi_g_h) 8. ij 17.2 18.8 20.2 ns 
tc lrrec CLR recoverJL til"le 8. Ll 17.2 18.0 28.2 ns 
tck_E_w 1 Min CK ..E_ulse width Clow) 8. Ll 17.2 18.8 28.2 ns 
tck_2_wh Min CK _2_ulse width (h l__g_h) 8.ll 17.2 18.0 20.2 ns 

Switching Chorocteristics (Input tr,tf=l.~ns, CL=8.Spfl 

Rev. 1.0 NCR VS1500 Generator 
Page 13 



CNTRGEN 
ViGen CONFIGURABLE FUNCTION 

16-Bit Up Counter with Load 

16 BIT UP COUNTER with LOAD_OPT NOMINAL WORST CASE 
VOD=5V VOO=ll:.5V 
TA=25C TA=70C TA=85C TA=125C SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX MIN MAX 

tckp CK to Q output delay LH 5.8 11. 9 12. IJ: 13.9 
HL 6.2 12.6 13.2 111:. 8 

tckcar CK to COUT deley LH 111:. 3 29. ll: 30. 7 311:. ll: 
HL 10. El 2El.5 21. IJ: 211:. 0 

tc 1 r_i:>_ CLR to Q deley HL 6.0 12. IJ: 12.9 111:. 5 
tclrccir CLR to COUT del~~ HL 11. 3 23.2 211:. 2 27.1 

ten teer CNTUP to COUT deley LH 8.6 17.7 18.5 20. 7 
HL LI. 7 9.6 10. 1 11. 3 

tdsu DIN set~ til'ls 5. 1 10.5 11. 0 12.3 
tdh DIN hold ti!'le 0 0 0 0 
-~cntsu CNTUP set U1>_ til'le 9.3 19.0 19.8 22.2 
tenth CNTUP hold til'le 0 0 0 0 
t1dsu LO se tl!B_ ti l'le 5.3 10. 9 11. LI: 12.8 
t1dh LO hold til'le 0 e 0 0 
~clrrec CLR recover_y_ ti l'le 8.9 18. 1 18.9 21.2 
tclrh Min CLR _e_ulse width Ch 1_ghl 8.9 18. 1 18.9 21. 2 
tck_1:>_wl Min CK pulse width Clow) 8.9 18. 1 18.9 21. 2 

Tck_1:>_wh Min CK _2_ulse width Ch 1 ghl 8.9 18. 1 18.9 21. 2 
Switchin Chorocteristics (In ut tr tf=l.L!ns CL=0.5 :F°J g p p 

APPLICATIONS NOTES 

Primary Uses 
CNTRGEN generates synchronous n-bit binary counters. Count up, count down and load 
functions occur synchronously with the positive clock edge. If none of these control 
signals are active during a rising clock edge, the counter state will remain unchanged. LD 
will take priority over CNTUP or CNTDN If LO and either CNTUP or CNTDN are active. If 
both CNTUP and CNTDN are active, the cell will operate as if it is in count up mode. The 
clear function is asynchronous and sets all Q outputs low regardless of the state of clock or 
any control signal. The compare function is implemented with EXNOR gates comparing the 
Q output to the CMPIN input for each bit. These signals are then collected with an AND 
function to produce the CMPOUT signal. Note that the CMPIN input is not clocked and, 
therefore, changes on the CMPIN bus can produce changes on the CMPOUT pin regardless 
of the state of CK. 

Note that if TRISTATE....OPT - o. then CMPOUT is a dependent output and the CK to CMPOUT 
delay is dependent upon the loading and delay to the Q outputs. To calculate the CK to 
CMPOUT delay, the delay to Q must be calculated first. For a more complete explanation of 
dependent outputs, refer to the Timing Information section for the VS2000 standard cell 
library in the NCR ASIC data book. 
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Naming Conventions 
ViGen will automatically create a default cell name for each unique CNTRGEN configuration. 
The name of each configurations is encoded in the following manner: 

CNT bits X /oad_opt· cntup_opt cntdn_opt compare_opt tristate_opt 

Therefore, the default names for the two example counters would be: 

CNT8X01111 
CNT16X11000 

Limitations 

Rev. 1.0 

OUICKSIM Save and Restore functions will not currently operate with generated cells. 
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VS1500 Dual Port RAM 

GENERAL DESCRIPTION SYMBOL 

• Variable size RAM array with two independent, 
bidirectional ports (A,B). 

• Read-only option on port A saves area. 

The symbol for DPRGEN will be unique for each 
configuration. An example Is given here only for 

reference. 
• Tristate and always-driving outputs available on 

both ports. 
• Variable number of words and word size, up to 

16K bits. 

The dual port RAM generator produces a RAM array 
with two fully independent read/write ports. Each 

port uses clocked operation to reduce complexity and 
operating power. Each port is precharged when its 

enable input is low and can read or write data when 
its enable input is high. To reduce logic circuitry and 

save cell area, Port A can be programmed to be a 
read-only port. Ports must be precharged between 
successive reads and writes. 

INPUT PARAMETER RANGES 

INPUT ALLOWED 
PARAMETER RANGE 

Nu~.Jolorde=N Word.Jolldth=H 

...A Cnl 
RJI !nl 

DINR CHI 

RJIR 

DINB CHI 

DOA CHI 
DORT CHI 

DOB !Hl 

DOBT !HJ 

BJIR DPRGEN 
ENR 
OER 
ENB 
OEB 

EXPLANATION 

Num_Words 2-2048, Number of data words in the RAM array. The number of 

Word_ Width 

PortArw 

NCR VS1500 Generator 
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even only 

2 - 32 

O or 1 

address lines for each port will be n = 1092 (Num_Words). 
Number of bits = Num_Words*Word_Width must be s; 16384. 

Number of bits in a data word. This affects the number of 
DINA, DINS, DOA, DOAT, DOB, and DOBT pins. Number of 
bits - Num_Words*Word_Width must be s; 16384. 

0: port "A" is read-only. 1: port "A" is read/write. If port 
"A" is read-only, then the DINA and A._WR pins are removed 
from the schematic symbol. 
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INPUTS/OUTPUTS 
Definitions of the DPAGEN inputs and outputs are given in the following table. Input and 

output pin names are listed in pin-number sequence. 

PIN NAME DEFINITION 

INPUTS: 

A-A (n) A port address bus (n - 1092 (Num_Words)) 

A_B (n) B port address bus (n - 1092 (Num_Words)) 

DINA (M) A port data in bus (M - Word_Wldth) 

A_WA A port read/write control (active high write) 

DINS (M) B port data in bus (M - Word_Width) 
B_WA B port read/write control (active high write) 

ENA A port enable pin 

OEA DOAT (M) tristate enable pin 

ENS B port enable pin 

OEB DOST (M) tristate enable pin 

OUTPUTS: 

DOA (M) Always-driving A port output bus 

DOAT (M) Tristate A port output bus 

DOB (M) Always-driving B port output bus 

DOST (M) Tristate B port output bus 

FUNCTIONAL BLOCK DIAGRAM 

A tristate 
outputs CDOATl 

A outputs 
COO Al 

it' t ~D~~~~ts 
portArw=l A write control 

11 ne CAJlRl 

A address 

A_A 

port A enable CENA) 

For each port: 

8 address 

A_B 

REQ/ CAP OPT 

AEQ 0.159 pF 

AEQ 0.159 pF 

OPT 0.113 pF 

OPT 0.058 pF 

AEQ 0.113 pF 

AEQ 0.058 pF 

AEQ 0.167 pF 

AEQ 0.058 pF 

REQ 0.173 pF 

REQ 0.058 pF 

AEQ 

REQ 0.105 pF 

AEQ 

AEO 0.105 pF 

8 tristate 
outputs ID OB Tl 

8 outputs 
IDOBl 

8 inputs 
CD I NBl 

8 write control 
11 ne (8JlRJ 

port B enable 
CENBl 

# of' address lines = 109c! CNul'IJfordsl 

Rev. 2.0 NCR VSISOO Generator 
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AC WAVEFORMS 
The following waveforms apply equally to port A or port B. If the read only option is 
chosen for port A (portArw - 0), then ignore waveforms referring to write lines. A suffix of 
"x" in a timing parameter name should be substituted with "a" or "b" for the appropriate 

port. 

ENABLE 
CENA, ENBl 

ADDRESS 
CA_A, A_Bl 

\>rex 

~SU 

wx 

VALID 

READ DATA~--------_.----------V-AL_I_D __ i--__ _._ ____ _ 

CDOA, DO Bl 

WRITE CONTROL ~cs 
CA_HR, B_HRl 

WRITE DATA 
CD INA, DINBl 

OUTPUT ENABLE 
COEA, OEBl 

. ~ ~dsx 
======f VALID 

TRISTATE OUTPUTS 
CDOAT, DOBTl 

TIMING PARAMETERS 

tprex 
tasu 
tah 

trdx 

t rdtx 

trdhx 

twcs 
twh 

twdsx* 
twdh 
ttr 

trwx 

Minimum precharge time for port x 
Minimum address setup before rising enable (either port) 
Minimum address hold after falling enable (either port) 
Maximum read access from rising enable on port x 

Maximum read access to tristate outputs from rising enable on port x 

Maximum read data hold after falling enable on port x 

Write control setup before rising enable (either port) 
Write control hold after falling enable (either port) 

Write data setup before falling enable of port x 

Write data hold after falling enable (either port) 
Output enable to tristate on or off delay (either port) 

Minimum enable high time of port x for read or write 

* See Applications Note titled Port Contention which follows. 

NCR VS1500 Generator 
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TIMING PARAMETERS AND CELL SIZE 

1. The input parameters are: Num_Words, Word_Wldth, portArw. CL is output capacitance in pF. 

2. Internal column decode ("coldec") must be determined first. Follow these steps (these are the same steps 

followed by the layout compiler for DPRGEN): 

a. nbits - Num_Words*Word_Wldth; 
b. IF ( 0 <= nbits < 32) (trial_ncols == 2) 

IF 32 <- nbits < 64) (trial_ncols .. 8) 
IF 64 <= nbits < 192) (trial_ncols 16) 
IF 192 <= nbits < 1024) (trial_ncols 32) 
IF (1024 <= nbits < 8192) (trial_ncols 64) 
IF (8192 <= nbits < inf.) (trial_ncols .. 128) 

c. coldec - trial_ncols/Word_Wldth 
d. Round coldec down to nearest valid value (1,2,4,8, or 16) 

e. Word limits on different values of column decode: 

Num_words must be >- 384 for coldec - 16 

Num_words must be >- 80 for coldec - 8 

ncols = number of RAM columns 

3. Num_Words is internally rounded up to the nearest multiple of 2*coldec. 

4. TIMING EQUATIONS & CELL SIZE: (use nrows - Num_Words/coldec, ncols - Word_Width*coldec) 
- t prea is for port A, t preb is for port 8, etc. No "a" or "b" suffix means either port. 

- All times in nanoseconds and are NOMINAL (Vdd•S.O volts, T•25°C, Norn. process) 
-See NCR ASIC Data Book for process, voltage, and temperature derating. 

Example: 
Num_Words=16, Word_Width=16, 

tasu = 1.38 + .0656*nrows 
tah = o 

MIN 

MIN 

MIN 

MIN 

MAX 

MAX 

MAX 
MAX 

MAX 

MAX 

MIN 

portArw-1, CL=O (coldec = 2) 

1.9 ns 

tprea = 3.81 + .0419*nrows + .0497*ncols + 0.64*CL 

t preb - 3. 77 + .0419*nrows + .0509*ncols + 0.63*CL 

trda = 7.18 + .1513*nrows + .1134*ncols + 0.99*CL 

trdta = 7.30 + .1513*nrows + .1134*ncols + 1.70*CL 

t rdb = 7 .1 O + .1538*nrows + .1197*ncols + 0.97*CL 

t rdtb = 6.90 + .1538*nrows + .1197*ncols + 1.66*CL 
t rdha = t prea 

t rdhb = t preb 

ttr = 2.0 + 1.70*CL 
twcs min. == -4.0, max. = 4.0 

twh min. = o, max.= 4.0 

twdsa = 5.78 + .0538*nrows + .0291 *ncols (See Note 1) 

twdsb - 6.06 + .OSOO*nrows + .0250*ncols (See Note 1) 

twdh = 1.17 + .0075*nrows + .0138*ncols 
trwx = trdx 

MIN 

MIN 

MIN 

MIN 

Cell Width (mils) = 12.683 + 1.924*nrows + 1. 7 45*portArw + 0.448*coldec (coldec > 2) 

Cell Width (mils) = 16.876 + 1.924*nrows + 3.109*portArw (coldec = 1) 

0.0 ns 

5.7 ns 

5.7 ns 

12.0 ns 

12.1 ns 

12.2 ns 

12.0 ns 

5.7 ns 

5.7 ns 

2.0 ns 
+4/-4 ns 

Oto 4.0 ns 

7.1 ns 

7.3 ns 

1.7ns 

a:12.0ns, b:12.2ns 

Cell Height (mils) = 11.237 + 1.143*ncols + 0.963*1092 (nrows) + 0.211 *coldec - 0.039*Word_Width 

Note 1: See Applications Note titled Port Contention for a possible exception to this parameter value. 

Rev. 2.0 NCR VS1500 Generator 
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TIMING EXAMPLES FOR 16X16 AND 128X8 DUAL PORT RAMS 

16X16 DUAL PORT RAM NOMINAL WORST CASE 
VDD=5V VDD=Ll.5V CPO RT A READ/WR IT El 

SiMBOL TA=25C TA=78C TA=BSC TA=125C 
PARAMETER MIN MAX MIN MAX MIN MAX MIN 

t Address Setup 2 LI LI 5 osu TiMe Before ENABLE 

toh Address Hold 8 8 e e TiMs ofter ENABLE 
T~reo Prechor_g_e TiMe 6 12 13 15 
T..e_reb Prechor....e..e T iMe 6 12 13 15 
trwo Reod or Write Enoble Hi_g_h 13 26 27 30 
trwb Aeod or Write Enoble H i_g_h 13 26 27 30 
Tr do Aeod Recess TiMe 13 26 27 30 
trdb Aeod Access T1Me 13 26 27 30 
trdto Tristote Reod Recess Ti Me 13 27 28 31 
Trdtb Tristote Reed Access Ti Me 13 26 27 31 
trdho Aeod Doto Hold TiMe 6 12 13 

Trdhb Aeod Doto Hold TiMe 6 12 13 
Ttr Tristate end Untristote Ti Me 3 6 6 7 
Lwcs Write Control Setu~ -LI LI -8 8 -9 9 -18 
twh Write Control Hold 8 ij 8 9 
Twdso Write Doto Se tu-2_ 7 15 15 17 
twdsb Write Doto Se tu-2_ 7 15 16 17 
twdh Write Doto Hold 2 3 LI lJ: 
Switching Chorocteristics (Input tr,tF=l.ijns, CL=8.Spf) 

NCR VS1500 Generator 
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MAX 

15 
15 

18 
18 

(/') 

I-
...... 
:z: 
::> 

ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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128X8 DUAL PORT RAM 
(PORT A REAO-ONL Yl 

SYMBOL 
PARAMETER 

t Address Setup osu TiMe BeTore ENABLE 

toh Rddreee Hold 
TiMe ofter ENABLE 

t_e_reo Prechor__a_e Ti Me 
l:_e_reb Prechor_g_e TiMe 
trwo Reod Enoble Hi__a_h 
l:rwb Reod or Write Enable Hi_g_h 
tr do Read Access T1Me 
tr db Reod Access TiMe 
trdto Tristote Reod Access Ti l"le 
i;rdtb Tristote Read Access Ti Me 
trdho Reod Doto Hold Til"le 
trdhb Aeod Doto Hold Til"le 
ltr Tristate ond Untristote Ti Ms 
lwcs Write Control SetLI_El_ 

Twh Write Control Hold 
lwdsb Write Doto Setl.!.2_ 
twdh Write Doto Hold 
Si.ii tchin g Chorocteristics (In p 

Rev. 2.0 

NOMINAL 
VDD=SV 
TA=25C TA=7ElC 

MIN MAX MIN MAX 

2 5 

0 0 

8 16 
8 16 

17 36 
18 36 

17 36 
18 36 
18 37 
18 37 

8 16 
8 16 
3 6 

-Y, l:l -8 8 
El Y. 8 
8 17 
2 Y. 

u t tr , t f = 1 • l!n s , 

DPRGEN 
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WORST CASE (/) 

VDD=l!.5V I--TA=85C TA=125C z 
::::> 

MIN MAX MIN MAX 

5 6 ns 

El El ns 

17 19 ns 
17 19 ns 
37 1!2 ns 
38 1!3 ns 
37 Y.2 ns 
38 Y.3 ns 
38 Y.3 ns 
38 1!3 ns 

17 19 ns 
17 19 ns 

6 7 ns 
-9 9 -18 Hl ns 

9 1El ns 
18 28 ns 

5 5 ns 
CL=G. 5 1Fl p 
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APPLICATION NOTES 

Using the Tristate Outputs DOAT(i) and DOBT(i) 
The tristate outputs of the dual port RAM generator are not implemented in quite the same 
way as in some other NCR supercells. Figure 1 shows the circuits used for both 
always-driving outputs (DOA(i) and DOB(i)) and the tristate outputs. Instead of a full CMOS 
transmission gate for the tristate outputs, a single N-channel transistor Is used to reduce 
circuit area. The effect of this is that the tristate outputs, when driven high, will not reach a 
full VDD level. Instead, they will reach a level of about 3.3 volts when VDD is 5.0 volts. 
This is enough to be considered a logic high for subsequent gate inputs, but there will be 
reduced noise margin and Increased DC power dissipation caused by this non-rail level. 

SENSE AMP 
OUTPUT 

DORT or DOBT 
DOA or DOB 

Figure 1 Tristate output circuit 

For this reason it is important to use pull-up cells on each tristate output line (see Figure 
2). This is good design practice for any tristate line used in semicustom design. The PU30 

cell is not meant to provide a valid logic level on a bus line, but only to provide a 
"default" level for those times when it is not actively driven by anything else. 

NuM....Worde=N Word....Width=H 

A_A Cnl DOA CHl 
A_B Cnl COAT CHl 

DINA CHl 

A....WA 

DINB CH) 

DOB CHl 
DOBTCHl+------------------'"""'.._ ______ ~-

B....WA DPAGEN 
ENA 
OEA 
ENB 
OEB 

Figure 2 Tristate bus pullups 

The pullups will cause no problem with "late 1's" on the tristate outputs. During the 
precharge phase for each port, the internal bit lines and sense amp inputs are pulled high. 

This causes the always-driving outputs to also go high during precharge. If the output 

enable line (OEA or OEB) is asserted at the beginning of a read phase, then the tristate 
outputs will also stay high if they were not immediately previously driven low by another 
gate. There is no possibility of a glitch on this line (and therefore losing the good high 

NCR VS1500 Generator 
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level) since the read access time for a "1" is actually zero. Only O's in the data word being 
read have non-zero access time. 

Reducing AC Power Dissipation 
For most designers, the AC power dissipation of CMOS semicustom chips is not a problem 
needing consideration since It Is very low compared to bipolar or NMOS Implementations. 
Some appllcatlons, though, need low AC operating power as well. 

If the address lines are allowed to switch several times before becoming stable at the 
address setup time, then excess AC power dissipation will occur due to the large 
capacitances on the internal address lines and their complements. This kind of power 
dissipation is calculated as: 

P - power 
C - total driven capacitance 
V - voltage swing (• VDD) 
f - switching frequency 

Since C is fixed inside the RAM, reducing this power can only be done by reducing the 
number of times that the address lines switch. This can be done by latching the address 
lines externally to the dual-port RAM. 

Port Contention 

Rev. 2.0 

The A and B ports of the dual-port RAM are meant to be independent in operation. The 
possibiilty of contention between the two ports does exist, however, and can happen in the 
following combinations: 

1. One port's write cycle overlaps the other port's read cycle to the same address 
(read/write contention). 

2. Both ports' write cycles overlap to the same address (write/write contention). 

Note that port contention doesn't exist if both ports are reading from the same address. 
Discrete, dual-port RAM chips contain contention logic that detects when both ports are 
attempting to access the same address (whether reading or writing). The port which drives 
this address second is given a busy signal by the contention logic, which inhibits it from 
actually reading or writing to that address. When the first port has switched to a different 

address, the busy signal to the second port is deactivated. 

This generator does not contain such contention logic, so care must be taken to assure correct 

operation. The benefit to not Including this logic Is more flexible operation. For instance, 
two-port reads can occur from the same address without one port being locked out. This is 

important for register files, for an example see Figure 4. 

NCR VS1500 Generator 
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Read/write contention can happen in three different ways (see Figure 3), and only one of 
them causes real contention. Of the three read/write overlaps shown, only the first, where 
the read on one port isn't complete before the other port starts to write, is a case of real 
port contention and must be avoided. In the second case, where both enables overlap 
within +/- 10ns, there will be no contention if the data to be written is stable from the 

beginning of the write enable. This overrides the write data setup time parameter in the AC 
characteristics table. In the third case, the data written to the addressed word will be stable 
In time for the reading port to access it, so no contention occurs. 

ENA READ TIPE 1: 

/ WRITE "---- READ LEADS WRITE 
ENB CAvo 1 d this type) 

+ /- Hlns +/-18ns 

ENA READ TIPE 2: 

WRITE READ &. WR !TE COINCIDE 
ENB 

ENA / READ ----- TIPE 3: 

ENB WRITE WRITE LEADS READ 

Figure 3 Read/Write port contention 

Write/write combinations will always cause contention, since the data in the addressed word 
will contain unknown data except when both ports write identical data. If the enable signals 
ENA and ENB don't overlap their high times at all, then there is no contention. 

NCR VS1500 Generator 
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Designing for Testability 
A test program for a semicustom chip must be able to verify that all circuit functions 
operate correctly. This implies both functional correctness (correct design) and fault 
detection (the circuit was manufactured without defects). Several methods exist for a 

achieving both of these goals, all of which involve some trade-off between degree of 
checking and the amount of extra logic required. These include: 

1. Multiplex part pins to the address and data pins in a test mode. 

2. Use scan registers to serially shift in address and Input data. and shift out output data. 

See the NCR VS2000 Standard Cell Library Databook, Section 6, "Designing for Testability" 
for more information. 

Example of Register File Used With ALU 

Rev. 2.0 

Nul'l_Hord•'" N Mord_H1dth•H Bl t.....Hidth•N 

RJl Cnl DOR CHl A INl F INl 
A.....B lnl OORT IHI B INl COUT 

COUTHl 
DOB CHl CINB SHOUTJ.O 

HOOE SHOUT.JU LATCHES 
OOBT IHl se ALUGEN 

OINB CHI 
51 
52 

B_MR DPRGEN 53 

SHL 
ENA ENA SHR 

OER NOSH 
ENB ENB SHIN_LO 

OEB SHIN_HI 

Figure 4 DPRGEN as a register file source for ALU operands 

In Figure 4, the two operands for the ALU are read simultaneously from the A and B ports 
of the RAM, and then the ALU result Is written back to the RAM through port B on the next 
cycle. The "PortArw" parameter for this RAM is set to "O" because the A port never has 
data written to it. There will never be any possibility of port contention because of this. 

The enable signals for each port can be tied together, which causes a dummy read of port A 
when the result is being written back through port 8, or they can be separated as shown. 
Tying them together requires less logic to generate the ENA signal, but increases the 

operating power dissipation. 
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Example of FIFO 
Figure 5 shows an implementation of a FIFO using the dual-port RAM supercell. Less 
sophisticated shift register type FIFOs can be built using the "SHFTGEN" supercell. 

DATRIN 

LOAD 
UNLOAD 
CLEAR 

:::: ___. 

~ CLR AERO 
ADDRESS 1---i 

_.. [NC COUNT EA Nul'l.Jlorde•N Nord.Jlldth•H 

_,.A.JI lnl DOA IHI r-+ OOUT 

_.,AJlnl OORT IHI 

~ CLR WAITE - .. 
ADDRESS ODB !Ml 

_LINC 
COUNTER DOBT IH! 

~ OINB !Ml 
~ e_wR DPRGEN 
....i ENA CONTROL 
""""'ENB LOGIC 

~ ~ 

~ IR ....__ 
FULL ~ ~ DR COMPARE 

~ EMPTY LOGIC 

Figure 5 DPRGEN used in a FIFO buffer 

Data is loaded with the LOAD input from DATAIN, and data is led out to the DOUT bus 
using UNLOAD. Address comparison determines whether the buffer is full (read address 
equals write address plus 1) or empty (write address equals read address plus 1). The JR 
flag (Input Ready) indicates that the FIFO is not full, and the OR flag (Output Ready) 

indicates the not empty condition. 

Naming Conventions 
VIGen will automatically create a default cell name for each unique DPRGEN configuration 
with the configuration information encoded in the following manner: 

DPR num_words X num_bits NW (for portArw = 0) 

or 
DPR num_words X num_bits W (for portArw - 1) 

Therefore, the default names for the two example configurations would be: 

Limitations 

DPR16X16W 
DPR128X16NW 

QUICKSIM Save and Restore functions will not currently operate with generated cells. 
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SIMULATION ERROR MESSAGES 
Simulation using the Mentor Quicksim simulator ls done using a behavioral language model 

(BLM). This model checks for timing and usage errors during simulation. A listing of the 

possible error message types and their descriptions is included here. 

MESSAGES REPORTED BY DPRGEN CONTAIN lWO MAJOR TYPES: 

1. OPERATIONAL ERRORS - caused by invalid operation: Unknown data on control lines. 

OPERATIONAL ERROR SYNTAX 
$insLname: ERROR time_of_error error_description 

$insLname: action taken by model because of error 

$insLname: 

OPERATIONAL ERRORS INCLUDE 

UNKNOWNS ON ADDRESSES DURING READ. 

UNKNOWNS ON ADDRESSES DURING WRITE. 

Invalid states/modes. 

Improper sequence of states. 

WRITE TO SAME ADDRESS FROM A&B PORTS SIMULTANEOUSLY. 

READ/WRITE TO SAME ADDRESS FROM A&B PORTS OUT OF SPEC (see Port Contention). 

NO PRECHARGE BETWEEN SUCCESSIVE READ/WRITE OPERATIONS. 

example: 

$i21 (dprgen): ERROR Time-2013 UNKNOWN ADDRESS ON A PORT DURING WRITE 

$i21(dprgen): UNKNOWN DATA WILL BE WRITTEN TO EVERY BLOCK OF RAM ARRAY 

$i21 (dprgen): WHICH IS ENABLED. 

2. TIMING ERRORS/WARNINGS - caused by violation of timing specifications in documentation. 

Warning messages are produced when transitions occur within 

a margin delta of specification value. 

TIMING ERROR/WARNING SYNTAX 

$insLname: ERROR msg_type OF TYPE type_check spec_name currenLtime 

$insLname: 

$insLname: 

$insLname: 

examples: 

$i21 (dprgen): 

$i21 (dprgen): 

$i21 (dprgen): 

$i21 (dprgen): 

control_pin_name direction_of_edge at transition_time ns 

data_pin_name changed at transition_time ns 
spec is spec_va/ue ns (+margin_value ns margin) 

ERROR TIMING VIOLATION OF TYPE SETUP LWDS Time=2103 ns 

ENB falling at 

DINB changed at 

1987 ns 

1980 ns 

spec ls 17 ns (+5 ns margin) 

$i21 (dprgen): ERROR MARGIN WARNING OF TYPE SETUP LWDS Time=2103 ns 

$i21 (dprgen): ENB falling at 1987 ns 

$i21 (dprgen): DINB changed at 1967 ns 

$121 (dprgen): spec is 17 ns (+5 ns margin) 
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VS1500 FIFO Generator 

FEATURES SYMBOL 

• Compiled FIFO cell allows flexible 
configurations of up to 6K bits 

• Maximum word width of 36 bits 

The symbol for FIFOGEN will be unique 
for each configuration. An example is 
given here only for reference. 

• Maximum number of words is 512 
• Fully asynchronous Read/Write operation 
• User configurable Almost Full flag 
• User configurable Almost Empty flag 
• Retransmit ability 

DESCRIPTION 

FIFOGEN produces a compiled first in first out 
memory block. FIFOGEN is based on a dual port 
latch memory cell which allows for completely 
asynchronous read/write operation. Read and write 
address values are stored in ring counters which 
may be cleared with the RSb (Reset) input. The 
read counter may be independently cleared using 

the RTb (retransmit) input, thus allowing data to be 

re-read multiple times. FIFOGEN also has status 
flags for Empty, Full, Almost Empty, and Almost 
Full. The user may configure the Almost Full and 
Almost Empty flags to activate any chosen offset 

from full and empty respectively. 

INPUT PARAMETER RANGES 

Input Parameter Allowed 
Range 

B1h • N 

WDI lN-1101 

WRb 
RDb 

RTb 
RSb 

FIFOGEN 

Explanation 

words 4 - 512 Number of words in the FIFQl , 2 

bits 1 - 36 Word size in bitsl 

RDO lN-11 Ell 

E 
F 

AE 
AF 

ae_offset 1 - words-1 Almost Empty offset from Empty for flag activation 

af_offset 1 - words-1 Almost Full offset from Full for flag activation 

1 Total number of bits (bits x words) must be s; 6K. 

2 words is internally rounded up to a multiple of the column decode. The column decode is internally 

selected to be 1-8 (by 1) by FIFOGEN to optimize area and performance. Any changes in words will 

be reported to the user at configuration time. 
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FIFOGEN 
ViGen CONFIGURABLE FUNCTION 

INPUTS/OUTPUTS 

Pin/Bus Name Function (in TDL order) 

INPUTS: 
WRb Write control pin, active LOW 

RDb Read control pin, active LOW 
RTb Retransmit control pin, active LOW. Resets the read 

counter to first physical memory location 
RSb Reset control pin, active LOW. Resets the read and write 

counters to first physical memory location. 
WDl[O:blts-1] Write data Input bus 

OUTPUTS: 
RDO[O:bits-1] Read data output bus 
E Empty Flag, set HIGH on falling edge of RDb when reading 

last data word, reset on next rising edge of WRb 

F Full Flag, set HIGH on falling edge of WRb when writing 
last data word, reset on next rising edge of RDb 

AE Almost Empty Flag, set HIGH on falling edge of RDb when 
reading last data word, reset on rising edge of WRb 

AF Almost Full Flag, set HIGH on falling edge of WRb when 
writing last data word, reset on rising edge of RDb 

FUNCTIONAL BLOCK DIAGRAM 

Rev. 1.0 

MEMORY 
ARRAY 

1/0 FLIP-FLOPS 
AND BUFFERS 

WOI ROO 

IC 
LI.I u 
I- -z C> 
::::> c 
c ....I 
u 

LI.I C> 
c I- a: 
a: ....I 
LI.I 

.... u... IC IC :3: 

WRb ROb ASb ATb 

Req/ Cap (pf) Opt 

Req 0.10 

Req 0.10 
Req 0.10 

Req 0.15 

Req 0.08 

Req 
Req 

Req 

Req 

Req 
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FIFOGEN 
ViGen CONFIGURABLE FUNCTION 

AC WAVEFORMS - READ/WRITE 

--~~~twc~~~.-

twpw twr 

WAb 

VRLID DRTR VRLID DRTR 
WDI ~~--+~--' '-~-+-~~ ~~~~--' '--~~-

A Db t.,,n 

RDO VRLID DRTR 

tecc 

E 
tf'd 

F 
tf'd 

TIMING PARAMETERS - READ/WRITE 

Name 

tw c 

twp w 

tw r 

tds 

td h 

tr c 

tr pw 

tr r 

tac c 

tr d h 

tf e 

tf d 

tf n 

NCR VS1500 Generator 
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Description 

Minimum Write cycle time 

Minimum WRb pulse low 

Minimum Write recovery time (WRb high) 

Minimum data setup time from rising edge of WRb 

Minimum data hold time after falling edge of WRb 

Minimum Read cycle time 

Minimum RDb pulse low 

Minimum Read recovery time (RDb high) 

Maximum delay RDb falling to valid data 

Minimum data hold time after falling edge of RDb 

Flag Enable Delay 

Flag Disable Delay 

First Write to first valid Read 

Rev. 1.0 



AC WAVEFORMS - RESET/RETRANSMIT 

tree 
tra 

ASb/ATb 

tr a a 

WAb 

lrss 

ROb 

E/F VRLID FLRG 
-----

TIMING PARAMETERS - RESET/RETRANSMIT 

Name Description 

trs c Minimum Reset/Retransmit cycle time 

trs Minimum Reset/Retransmit Pulse low 

trss Minimum WRb/RDb setup before RSb/RTb rising 

tr s r Minimum Reset/Retransmit recovery time 

te f Minimum Reset/Retransmit to flag output 

Rev. 1.0 

1rsr 

FIFOGEN 
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FIFOGEN 
ViGen CONFIGURABLE FUNCTION 

TIMING, POWER, AND AREA EQUATIONS 

FIFOGEN will select its internal configuration based on the requested parameters. A 

simple algorithm is used which determines an internal architecture which will optimize 

area/performance tradeoffs. This architecture defines the number of rows and columns 

of the memory array. Because the user has no control over the internal column 
decode, the resulting configuration may have more words than requested (but 

never less). The algorithm is geared to minimize this discrepancy. The user will be 

notified at configuration time of the actual size of the array. Equations are given in 
terms of input parameters and internal architecture parameters. These can be found by 

following these steps: 

1. CL is the output capacitance in pF. 

2. Generator input parameters which affect delays are words, bits. Derived 

parameters are ncols and nrows. ncols is the number of cell columns per 1/0 

bit. 

3. Calculate first-pass values for derived parameters, for area and performance a 

square array is best. Use (i). 

4. In order to assure reasonable wordline performance, check array width; if it is 

greater than optimum length (72), decrease column decode (ncols) by one. (ii). 

5. Otherwise to optimize number of rows, check If Increasing column decode would 

not cause too long a word line (iii). 

6. Finally recalculate nrows if ncols changed (Iv). 

I. if (words s 32) ncols - 1 

else { 
nrows - SQRT(words*blts), rounded up to an Integer. 
ncols == words/nrows, rounded up to an integer. 

if (ncols >8) ncols == 8 

ii. if (ncols*bits > 72) ncols - ncols-1; 
iii. else If (ncols*bits < (72 - bits) & ncols < 8) ncols = ncols +1; 

} 
iv. nrows == words/ncols, rounded up to an integer 

All times In nanoseconds and are nominal (Voo==S.0 volts, T-2s°C, Nominal process). 

See the NCR ASIC Data Book for process, voltage, and temperature derating factors. 
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PARAM 

tw c 

tw pw 

tw r 

tds 

td h 

trc 

trpw 

tr h 

ta cc 

trd h 

tf e 

tf d 

tf n 

trs c 

trs 

trss 

tr s r 

te f 

Rev. 1.0 

DESCRIPTION 

Write Cycle 

Write Pulse low 

Write Pulse high 

Write Data Setup 

Write Data Hold 

Read Cycle Time 

Read Pulse low 

Read Pulse high 

Read Access 

Read Data Hold 

Flag Enable Delay 

Flag Disable Delay 

1st Write to Read 

RSb/RTb Cycle Time 

RSb/RTb Pulse low 

WRb/RD/b Setup to RSb/RTb 

RSb/RTb Recovery Time 

RSb/RTb to Flag delay 

Output Rise and Fall Times 

tr - 0.632 + 2.26*CL 
tf - 1.07 + 1 .39*CL 

FIFOGEN 
ViGen CONFIGURABLE FUNCTION 

TYPICAL VALUE (ns) 

- 16.26 + 0.212*nrows + 0.025*bits + 0.048*(ncols*bits) 

- 7 .10 + 0.036*(ncols-1) + 0.137nrows + 0.015*(ncols*bits) 

- 5.20 + 0.01 O*nrows + 0.014*bits + 0.013*(ncols*bits) 

- 1.00 

- 2.11 + 0.017*bits + 0.003*(ncols*bits) 

- 7 .63 + 0.086*(ncols-1) + 0.084*nrows + 0.030*(ncols*bits) 

- 7 .10 + 0.036*(ncols-1) + 0.137nrows + 0.015*(ncols*bits) 

- 6.07 + 0.149*(ncols-1) + 0.044*(ncols*bits) 

- 3.99 + 0.018*(ncols-1) + 0.030*bits + 0.003*(ncols*bits) + 
0.626*CL 
- 5. 70 + 0.34*CL 

- 4.37 + 0.626*CL 

- 3.94 + 0.626*CL 

- 8.71 + 0.089*(ncols-1) + 0.055*nrows + 0.032*(ncols*bits) 

- 9.56 + 0.118'*(ncols-1) + 0.209'*nrows + 0.012'*bits + 
0.009'*(ncols*bits) 
... 2.61 + 0.082*nrows + 0.005*(ncols*bits) 

- 0.75 + 0.059*nrows + 0.007*(ncols*bits) 

- 2.88 + 0.068'*(ncols-1) + 0.038*nrows + 0.007'*bits 

- 4.1 O + 0.019'*(ncols-1) + 0.076*nrows + 0.007*(ncols*bits) 
+ 0.626*CL 

Current Requirements: I - 0.148 + 0.004*nrows + 0.02*(bits) mA/MHz 
Worst case current process, Voo ... 5.0V, T - 25°C 

Cell Width (mils) = 30.33 + 1.18*(ncols*bits) 

Cell Height (mils) = 23.06 + 1.45*(nrows) + 0.46*(cols-1) 
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FIFOGEN 
VIGen CONFIGURABLE FUNCTION 

ACCESS AND CYCLE TIMES 

27-

21-

18-

15-

t 9-

MINIMUM 
CYCLE TIME 

OR 6-

ACCESS TIME 
Cne, NOMINAL 
CONDIT I ONSl s-

a 
a 

I • I I 

----------------~----------------~----------------~----------------~-• I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

••••••••••••••••~•••••••••••••-••T••••••••••••••••,••••••••••••••••,• 

I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

----------------L----••••-•••••••~----··••••••••••~-------·••••••• ,­
' : : WRITE Cycle: 

: : ctwc> : I 
I 

I I I I 
I I 
I I 
I I 

----------------·----------------·--------' I I I 
I 
I 
I 
I 
I 

----------------L 

I 
I I 
I I ------1----------------1-1 I 
I 
I 
I 
I 

I 
I 
I 
I 

I I 

-------i----------------~-
1 I 
I I 

I I I 

:AERO Cycle : : 
: CtAcl : : 

-·----------------·----------------~----------------~-' I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

----------------t----------------t----------------~----------------~-1 I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

I 
I 
I 

: RCCES TIME 
l Ct eccl 

----------------+----------------~----------------~----------------~-• I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

I I I I 

lK 2K SK YK 

BITS CNu"_Morde x Wcrd_Mldthl~ 

(See NCR VS1500 ASIC Data Book for process, voltage, and temperature derating 
factors.) 
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TIMING EXAMPLES 

Timing for a 64x4 FIFO 

Nominal 
64x4 FIFO Yoo = 5Y 

Symbol 
TA= 25°C TA= 70°C 

Parameter Min Max Min Max 

tac c Read access time 4.8 8.9 

trd h Read data hold 3.6 6.8 

tw c Write cycle 12.7 23.7 

tr c Read cycle 10.7 19.9 

tf n First write till first read 11.5 21.4 

trs c Reset cycle time 8.2 15.3 

tds Write data setup time 0.7 1.2 

td h Write data hold 2.5 4.6 

Switching characteristics (Input tr , tf - 1.4ns, CL - 0.15pF) 

Current Requirements: µA/MHz - 0.364 

Cell Width (mils) = 53.93 

Cell Height 

Cell Area 
(mils) - 43.75 

(mils2) - 2360 

Timing for a 256x9 FIFO 

Nominal 
256X9 FIFO Yoo = 5Y 

Symbol 
TA= 25°C 

Parameter Min Max 

tac c Read access time 5.2 

tr d h Read data hold 3.7 

tw c Write cycle 17.2 

tr c Read cycle 14.5 

tf n First write till first read 14.7 

trs c Reset cycle time 12.4 

td s Write data setup time 0.7 

td h Write data hold 2.7 

TA= 10°c 
Min Max 

9.6 

6.5 

32.0 

25.9 

26.2 

22.0 

1.1 

4.9 

Switching characteristics (Input tr, tf - 1.4ns, CL ... 0.15pF) 

Rev. 1.0 

Current Requirements: µA/MHz= 0.476 

Cell Width (mils) = 104.67 

Cell Height 

Cell Area 

(mils) = 79.47 

(mils2) - 8320 

Fl FOG EN 
ViGen CONFIGURABLE FUNCTION 

Worst Case 
Yoo = 4.5Y 

TA= 85°C 
Min Max 

9.3 

7.1 

24.7 

20.8 

22.3 

15.9 

1.2 

4.8 

Worst Case 
Yoo = 4.5Y 

TA= 85°C 
Min T Max 

10.0 

7.1 

33.4 

28.1 

28.5 

24.2 

1.2 

5.2 

TA= 125°C 
Units 

Min Max 

10.4 ns 

7.9 ns 

27.7 ns 

23.3 ns 

25.1 ns 

17.9 ns 

1.4 ns 

5.4 ns 

TA= 125°C 
Units 

Min Max 

11.2 ns 

8.0 ns 

37.5 ns 

31.6 ns 

32.0 ns 

27.1 ns 

1.4 ns 

6.0 ns 
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FIFOGEN 
ViGen CONFIGURABLE FUNCTION 

APPLICATION NOTES 

On power up a Reset must be performed before any other operations are performed. 
This assures that the FIFO is starting from a known state. 

Reading the FIFO when it is empty and writing to a full FIFO will cause the status flags 
to be set unknown during simulation. While the logical state of the flags is 
predictable, the meaning of the status flags (full, empty, etc.) becomes ambiguous. A 
reset will clear the FIFO. 

Retransmit allows the read pointer to be reset to the first physical memory address. 

Care must be taken to assure that the intended operation is achieved. Retransmit also 
causes ambiguous definition of the status flags. During retransmit the empty flag will 
be set false and the full flag true, so only reads should be performed until the FIFO is 
empty. The full flag will remain true until the FIFO is empty. 

The following circuit may be used to disable reads when the FIFO is empty and writes 
when it Is full. 

WAb 

A Db 
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D 

LRTP 
'G'" 

D 

LRTP 
'G'" 

Q 

Bite • N 

WDI !N-1: 01 ADO CN-1:01 

'[ WAb E 
A Db FIFOGEN F 

ATb AE 
RSb- AF 

Q 

'[ 
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FIFOGEN 
ViGen CONFIGURABLE FUNCTION 

Naming Conventions 

VIGen will automatically create a default name for each FIFOGEN configuration, with the 

configuration information encoded in the following manner: 

Fwwwbbeeefff 

where: 

www - Number of words 
bb - Number of bits 

eee .. Almost-Empty offset 

fff - Almost-Full offset 

All of the values have the given number of digits. Values that 
have less than the given number of digits will be left-padded 

with zeroes. For instance, a 31x8 FIFO with AE=4 and AF=5 will 

have a name of: 

F03108004005 
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MACCGEN 
ViGen CONFIGURABLE FUNCTION 

VS1500 MAC Generator 

FEATURES SYMBOL 

• Variable size compiled multiplier 
accumulator function 

• X and Y Inputs Independently selectable 
from 6 to 32 bits wide 

The symbol for MACCGEN will be unique for 
each configuration. An example is given here 
only for reference. 

• High performance architecture uses 
Booth encoding and Wallace tree partial 
product summation 

• Two's complement, unsigned magnitude, 
and mixed mode multlpllcatlon 

• Input number format can be 
pl n-selectable 

where NOUT - nx + ny + acc...bits 
NADD - nx + 4 

X Cnx-11131 
TCX 
Y Cn1,1-l 1 llll 
TCY 

• Extra adder Input allows implementation 
of P(I) - xx y +A± P(l-1). The A Input 
is usually used for rounding 

A INADD- l 1 Ell 
P INOUT-1:131 

ACC 
SUB 
PAEL • X and Y Inputs have separate registers 

and clocks 
• Output is registered, with Its own clock 
• Accumulator functions include AOC, 

SUB, and preload 
• Output may be accumulated up to eight 

extra bits 

INPUT PARAMETER RANGES 

Input Parameter Allowed 
Range 

PL INOUT-1 : 131 

CKX 
CKY 
CKP 

MRCCGEN 

Explanation 

nx 6 - 32 Number of bits In the X input word 

ny 

tcx 

tcy 

add_in 

acc_bits 

NCR VS1500 Generator 
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(even only) 

6 - 32 
(even, nyS'lx) 

0, 1, or 2 

0, 1, or 2 

O or 1 

2, 4, 6, or 8 

Number of bits in the Y input word 

==0: X in unsigned magnitude format 
-1: X in two's complement format 
-2: X input format selectable with an Input pin (TCX) 

-o: Y In unsigned magnitude format 
-1: Y In two's complement format 
-2: Y input format selectable with an input pin (TOY) 

Selects whether extra word A is to be added (1 = yes) 

Number of extra bits to accumulate beyond nx+ny 
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INPUTS/OUTPUTS 

Pin/Bis Name 
(in TDL order) 

INPUTS: 
X[O:nx-1] 

Y[O:ny-1] 

A[O:nx+acc_bits+3] 

CKX 

CKY 
CKP 
TCX 

TCY 

ACC 

SUB 

PREL 

PL[O:nx+ny+acc_bits-1] 

OUTPUTS: 

MACCGEN 
ViGen CONFIGURABLE FUNCTION 

Function 

X input bus. Data on X is loaded into the X input register 
on the rising edge of CKX. 

Y Input bus. Data on Y Is loaded into the Y input register 
on the rising edge of CKY. 

Optional adder input, usually used for rounding. Data on A 
is loaded into the A register on the rising edge of the 
logical OR of CKX and CKY. A is treated as a two's 
complement number, regardless of tcx and tcy selections. 
Exists if add_in•1. 

X input clock, active on rising edge 

Y input clock, active on rising edge 
Clock input for the product register. Active on rising edge. 
X input two's complement control. When HIGH, the X 
input is treated as a two's complement number. When 
LOW, X is treated as an unsigned magnitude number. 
Exists if tcx=-2. 

Y input two's complement control, similar to TCX. Exists 
if tcy=2. 

Accumulate control. When HIGH, the contents of the 
product register are added to or subtracted from the 
current product XxY(+A). Sampled on the rising edge of 
the logical OR of CKX and CKY. 

Subtract. When ACC and SUB are both HIGH, the 
contents of the product register are subtracted from the 
current product XxY(+A). Sampled on the rising edge of 
the logical OR of CKX and CKY. 

Preload control. When HIGH, data on the PL input bus is 
loaded into the product register on the rising edge of CKP. 

Preload bus. Data from PL is loaded into the product 
register on the rising edge of CKP. 

Req/ 
Opt 

Req 

Req 

Opt 

Req 

Req 
Req 
Opt 

Opt 

Req 

Req 

Req 

Req 

Cap (pf) 

0.164 

0.160 

0.060 

0.162 

0.162 
0.110 

0.091 

0.100 

0.060 

0.060 

0.375 

0.153 

P[O:nx+ny+acc_bits-1] Product register output bus, indicating the current contents Req 
of the product register. Updated on the rising edge of 
CKP. 
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MACCGEN 
VIGen CONFIGURABLE FUNCTION 

TIMING PARAMETERS 

Name Description 

tc k per Minimum clock period for CKX, CKY, or CKP 

tm Clocked multiply time 

tcp Output delay time for P outputs after a rising CKP edge. The minimum time 
Is the hold time for the previous product, and the time between minimum and 
maximum is the bus settling time. 

ts Setup time for X, A, TCX, and TCY inputs before a rising CKX or CKY edge 

th Hold time for X, A, TCX, and TCY Inputs after a rising CKX or CKY edge 

tsy Setup time for Y inputs before a rising CKY edge 

thy Hold time for Y Inputs after a rising CKY edge 

ts I Setup time for PREL and PL inputs before a rising CKP edge. 

th I Hold time for PREL and PL Inputs after a rising CKP edge. 

tpw h Minimum high clock pulse width 

tpw I Minimum low clock pulse width 

tch Relative hold time. CKP must rise at or before CKX or CKY to guarantee 
correct product output. 

FUNCTIONAL BLOCK DIAGRAM 
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x TCX y TCY 

CKX ---1 1---i---1 1---­
CKY ---1 1----1-----1 1----

Pl • X.Y + A 
MULTIPLIER 

ARRAY 

ACCUMULATOR 
P2 • Pl +/- P 

PREL-----\ l SELECTOR B 

CKP-----t> 
PRODUCT REGISTER 

p 

ACC 
A SUB 
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MAC CG EN 
VIGen CONFIGURABLE FUNCTION 

MACCGEN AC WAVEFORMS 

CKX, CKY ___ _, 

X, A, 
TCX, TCT, 

ACC, SUB 

y 

PREL, PL 

p 

----tokper- ---"'4 
t .. ---i--- tpwh tpw 1 

Old P New P 

CYCLE TIME FOR SQUARE MACS (nx = ny, acc_bits = 4) 

Rev. 1.0 

t 
31:1-

11IN. CYCLE TIME 
OR 21:1-

HRXIHUH OUTPUT 
OELRY lt0 pl 

In•, NOMINAL 
CONO IT l ONSl 

11:1-

I I I I 

--------------+--------------~---------------~--------------+· I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I 
I I I I 

I I I I 

--------------+--------------~---------------~---- -------+· 
: : CYCLE TIME 1 I 

I 
I I I 

I I I 
I 
I 
I 

I I 
I I 
I I 
I 

--------------+----------• I 
I 

I I 

--~---------------~--------------·· I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

-~.l.. .......... .:":'=::"::":':~':-::::-::-:::1~:::::j':::::::::::::::::~, ---------- ----------1------t··-----r--------------t· 
I I I 

: OUTPUT DELAY : : 
I I I 
I I I 
I I I 
I I I 

B-1---~----','----..---~,---..---~,---..---~, 

a a 1e 2" 32 
nx •nu-+ 

(See NCR ASIC Data Book for process, voltage, and temperature derating factors.) 
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MACCGEN 
ViGen CONFIGURABLE FUNCTION 

TIMING, POWER, AND AREA EQUATIONS 

1. Input parameters for the following equations are nx, ny and acc....bits. CL is the 

output capacitance in pF. 

2. Timing parameters are specified for nominal process, Voo-5.0 volts, and 

temperature - 25°C. See the NCR ASIC Data Book for information on derating 
factors for process, voltage and temperature. 

3. All delays for rising and falling outputs are equal, while rise and fall times are 

individually specified. 

PARAM DESCRIPTION TYPICAL VALUE (ns) 

tc k per - 9.70 + 0.08*nx + 0.67*ny 

tm - 9.70 + 0.08*nx + 0.67*ny 

tckper 

tm 

tcp 

ts 

th 

tsy 

thy 

Min. clock period 

Max. clocked multiply/ace or 
multiply/sub 

Output delay 
NOTE: See App. note #1 

X,A,TCX, and TCY setup 

X,A,TCX, and TCY hold 

Y setup 

Y hold 

tc p (max) - 8. 70 + 0.027*nx + 0.060*ny 
+ 0.179*acc_bits + 1.23*CL 

tc p ( m i n) - 3.57 + 0.020*ny + 1 .23*CL 

ts • 1.56 · 

th = 1.57 + 0.034*nx 

tsy = 1.36 

thy - 1.85 + 0.011 *ny 

ts I PREL and PL setup ts 1 - 1. 75 + 0.1 OO*nx + 0.081 *ny + 0.097*acc_bits 

th I 

tpwh 

tpwl 

tch 

PREL and PL hold 

Min. high clock pulse 

Min. low clock pulse 

Relative hold time 

Rise and Fall Times 

tr - 0.325 + 2.55*CL 
tf = 0.279 + 1 .99*CL 

th 1 = 2.27 + 0.019*nx + 0.028"ny + 0.016*acc_bits 

tp w h = 45% of tc k per 

tpw I .. 45% of tckper 

tch = 0 

Current Requirements: I = 0.0174*ny2 + 0.115*(nx-ny) mA/MHz 

Cell Width 
Cell Height 

Worst case current process, Voo == 5.5V, T = 25°C 
Toggling OxO and FF .. FFxFF .. FF and accumulating 

(mils) .. 9.68 + 2.47*nx + 1.91 *ny + 2.33*acc_bits 

(mils) - 30.72 + 5.86*ny + 2.60*add_ln +offset 

where: offset - 0 if tcy-1 
offset - 11.72 if tcy=O or 2 
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MACCGEN 
ViGen CONFIGURABLE FUNCTION 

TIMING EXAMPLES 

8 x 8 two's complement MAC with rounding, 20-bit product register 
(MAC8X8TIA4: nx - 8, ny .. 8, tcx - 1, tcy - 1, add_in .. 1, acc_bits - 4) 

Nominal Worst Case 
8x8MAC Yoo = 5Y Yoo = 4.5Y 

Symbol 
TA= 25°C TA= 70°C TA= 85°C 

Parameter Min Max Min Max Min Max 

tc k per Minimum clock period 15.70 29.4 30.6 

tm Maximum multiply time 15.70 29.4 30.6 

tc P Output delay from CKP 3.91 10.29 7.3 19.3 7.6 20.1 

ts Minimum setup time for 1.56 2.9 3.0 X, A Inputs 

th Minimum hold time for X, 1.84 3.4 3.6 A Inputs 

tsy Minimum setup time for 1.36 2.5 2.6 Y Inputs 

thy Minimum hold time for Y 1.94 3.6 3.7 Inputs 

ts I Minimum setup time for 3.59 6.7 7.0 PREL, PL 

th I Minimum hold time for 2.71 5.1 5.3 PREL, PL 

tpw h Minimum high clock 7.07 13.2 13.8 pulse 

tpw I Minimum low clock pulse 7.07 13.2 13.8 

tch Relative hold time 0 0 0 

Switching characteristics (Input tr , tf - 1.4ns, CL ... 0.1 SpF) 

Rev. 1.0 

TA= 125°C 
Units 

Min Max 

34.2 ns 

34.2 ns 

8.5 22.4 ns 

3.4 ns 

4.0 ns 

2.9 ns 

4.2 ns 

7.8 ns 

5.9 ns 

15.4 ns 

15.4 ns 

0 ns 
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16 x 16 unsigned MAC with no rounding, 36-blt product register 

(MAC16X16UUN4: nx - 16, ny - 16, tcx - 0, toy - 0, add_in - 0, acc_bits - 4) 

Nominal Worst Case 
16x16 MAC Yoo = 5Y Yoo = 4.5Y 

Symbol 
TA= 25"C TA= 70"C TA= 85"C TA= 125°C 

Parameter Min Max Min Max Min Max Min Max 

tck per Minimum clock period 21.70 40.6 42.3 47.3 

tm Maximum multiply time 21.70 40.6 42.3 47.3 

tcp Output delay from CKP 4.07 10.99 7.6 20.6 7.9 21.4 8.9 24.0 

ts Minimum setup time for 1.56 2.9 3.0 3.4 X inputs 

th Minimum hold time for X 2.11 4.0 4.1 4.6 inputs 

tsy Minimum setup time for 1.36 2.5 2.6 2.9 Y inputs 

thy Minimum hold time for Y 2.03 3.7 3.9 4.4 inputs 

ts I Minimum setup time for 5.03 9.4 9.8 11.0 PREL, PL 

th I Minimum hold time for Y 3.09 5.8 6.0 6.7 PREL, PL 

tpw h Minimum high clock 9.77 18.3 19.0 21.3 pulse 

tpw I Minimum low clock pulse 9~77 18.3 19.0 21.3 

tch Relative hold time 0 0 0 0 

Switching characteristics (Input tr, tf - 1.4ns, CL - 0.15pF) 

APPLICATION NOTES 

Output delay calculations 

Due to the way that the product register is Implemented within MACCGEN, the delay 
from CKP to P is actually dependent on the multiply cycle time. The delay, tc p, is 

calculated with both a minimum and a maximum value. The minimum value of tcp is 

the output hold time for the previous product P. Data on the P output bus will not 

change before tcp(min). The maximum value of tcp. as calculated, only applies when 

the MAC is being run at maximum frequency (minimum rising CKX/CKY to rising CKP). 

If the MAC is being run slower, then tc p (max) actually gets less, as shown in Figure 1. 

Above a certain multiplication perio.d, referred to in Figure 1 as tsync• tcp(max) will 

have the same value as tcp (min). In other words, all of the bits in the P bus will 

switch simultaneously. For multiplication periods between tckper(min) and tsync• 

tc p (max) derates linearly as shown. 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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The period tsync is defined as: 

lsync - tckper (min)+ 1.2* ( tcp(max) - tcp(min)) 

where tckper• tcp(max), and tcp(min) are all as defined in the parametric equations. 

Although the tcp(min) and tcp(max) parameters for each output pin will be slightly 

different due to differing output capacitive loads, for simplicity the simulation model 
will assign the shortest tcp(mln) and the longest tcp(max). values to the entire P bus. 

This effect will be minor in most situations. 

tck per 11'11 nl t.wnc 

tckper-. 

Figure 1 tcp variation with tckpe r 

Number formats 

It is only a matter of the user's convention to decide where to place the "binary point" 

for input and output numbers. For instance, MACCGEN treats the products 

01.11 * 001.1 - 00010.101 (1.75 * 1.5 - 2.625) 
and 0111 * 0011 - 00010101 (7 * 3 = 21) 
exactly the same. The most common number formats used are integer and fractional 
notation. 

Integer notation places the binary point after the LSB of both the inputs and the 
output, whether unsigned or two's complement. Fractional notation, on the other 
hand, is different for unsigned and two's complement. On inputs, unsigned fractional 
places the binary point before the MSB, and two's complement fractional places it after 
the MSB. If acc..bits is o;· unsigned fractional notation will place the binary point 
before the MSB of the output, and two's complement fractional places it after the 
output's second most significant bit. If acc..bits is greater than 0, then "acc..bits" extra 
significant digits are added to the left. These formats are shown in Figure 2. 
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Integer Unsigned Inputs 

X[nx-1] X[nx-2] X[1] X[O] Y[ny-1] Y[ny-2] Y(1] Y[O] 

2n x-1 2nx-2 21 20 2ny-l 2ny-2 21 20 

Fractional Unsigned Inputs 

X[nx-1] X[nx-2] X[1] X[O] Y[ny-1) Y[ny-2) Y[1] Y[O] 

2-l 2-2 2-n x+l 2-nx 2-l 2-2 2-ny+ 1 2-ny 

Integer Two's Complement Inputs 

X[nx-1] X[nx-2) X[1] X[O] Y[ny-1] Y[ny-2) Y[1] Y[O] 

-2nx-l 2nx-2 21 20 -2ny-l 2ny-2 21 20 

Fractional Two's Complement Inputs 

X[nx-1] X[nx-2) X[1] X[O] Y[ny-1] Y[ny-2) Y[1] Y[O] 

-20 2-l 2-n x+2 2-n x+ 1 -20 2-l 2-ny+2 2-ny+ 1 

Integer Unsigned Output (nout = nx+ny+acc..JJits) 

P[nout-1) P[nout-2] P[nout-3) P[2] P[1] P[O] 

2nout-l 2nout-2 2nout-3 

Fractional Unsigned Output (nout = nx+ny+acc..JJits) 

P[nout-1] P[nout-2] P[nout-3] P[2] P[1] P[O] 

2a c c _b i ts - 1 2a c c _b i ts - 2 2a c c _b i t s - 3 2-nx-ny+2 2-nx-ny+l 2-nx-ny 

Integer Two's Complement Output (nout = nx+ny+acc..JJits) 

P[nout-1) P[nout-2] P[nout-3) P[2] P[1] P[O) 

-2nout-l 2nout-2 2nout-3 

Fractional Two's Complement Output (nout = nx+ny+acc..JJits) 

P[nout-1) P[nout-2] P[nout-3] P[2] P[1] P[O] 

-2acc_b i ts+l 2acc_b its 2acc_b i ts-1 2-nx-ny+4 2-nx-ny+3 2-nx-ny+2 
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Product rounding 

The extra adder input, A, provides a flexible way to do whatever product rounding you may 
need. If you don't need rounding, then setting the input parameter "add_in" to o will 

reduce the circuit area slightly. 

Many appllcations do not need the full precision available from MACCGEN. In a 16x16 
MAC, for instance, you may only be able to use the 16 most significant bits of the 32-bit 

product (assuming acc_blts - 0). To avoid a systematic bias due to truncation error, the 
result can be rounded by always adding a 1 at the 17th most significant bit. This is 
accomplished by tying pin A[15] to a logic HIGH, and tying the rest of the A bus to logic 

LOW. Since the rounding position and value are determined by external logic and not fixed 
by the MACCGEN compiler, rounding can be conditional and variable, allowing 
implementation of adaptive algorithms. 

Two's Complement Rounding: 

Rounding can be done slightly differently for two's complement numbers to get a "free" 
extra bit of precision. If It Is noted that for all products except 1 o .. 00 x 10 .. 00, the two 
most significant bits of the product are identical, then the portion of the product extracted 
may be right-shifted by one bit. (Assume acc.J:>lts - O in the following discussion.) 

In a 16x16 MAC, for example, the 16-blt product can be taken as bits 30 (MSB) through 15 
(LSB), and rounding would then be done by adding a 1 at bit 14. Of course, to allow this 
extra bit of precision requires ellmlnatlng the value 1 oo .. oo as a valid input. In fractional 
two's complement notation, this corresponds to limiting the input values to the range 

-0.1111 .• ~ X,Y ~ 0.11111 (-1 not allowed) 
Multiplying -1 x -1 results in the product -1 using this method. Many standard multiplier 
parts (IDT IDT7216/17, Cypress CY7C516/17, etc.) include a Format Adjust to allow this 

mode of output. 
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Naming conventions 

ViGen will automatically create a default cell name for each unique MACCGEN configuration. 

This name is encoded in the following manner: 

MAC nx X ny UITIS UITIS NIA d 

where U means tcx (tcy) = 0 (first x, then y) 

T means tcx (tcy) = 1 

S means tcx (tcy) - 2 
N means add_in .. 0 

A means add_in - 1 
d is the value of acuits 

The MACs shown in the timing examples charts are therefore named: 

MAC8X8TTA4 
and MAC1 6X1 6UUN4 

NCR VS1500 Generator 
Page 48 

Rev. 1.0 



MULTGEN 
ViGen CONFIGURABLE FUNCTION 

VS1500 Multiplier Generator 

FEATURES SYMBOL 

• Variable size compiled function, with X and Y 
inputs Independently selectable from 4 to 32 
bits wide 

The symbol for MULTGEN will be unique for each 
configuration. An example Is given here only for 
reference. 

• High performance architecture uses Booth 
encoding and Wallace tree partial product 
summation 

• Two's complement, unsigned magnitude, and 
mixed mode multiplication 

• Input number format can be pin-selectable 

X (nx-l 101 
TCX 
Y (ny-l 101 
TCY 
A Cnx+S1 GIJ 

FT 
P lnx+ny- l 1 Ell 

• Extra adder input allows Implementation of P 
- X x Y + A. This Input Is usually used for 
rounding 

CKX 
CKY 
CKP 

MULTGEN 
• X and Y Inputs have separate registers and 

clocks 
• Output is optionally registered with its own 

clock 
• Output register can be pin-selectable 

INPUT PARAMETER RANGES 

Input Parameter Allowed 
Range Explanation 

nx 4 - 32 Number of bits In the X input word 
(even only) 

ny 4 - 32 Number of bits in the Y input word 
(even, 
ny~x) 

tcx 0, 1, or 2 -o: X in unsigned magnitude format 
=1: X in two's complement format 
-2: X input format selectable with an input pin (TCX) 

tcy 0, 1, or 2 

add_in 0 or 1 

ft 0, 1 or 2 

Rev. 1.0 

-o: Y in unsigned magnitude format 
-1: Y in two's complement format 
=2: Y input format selectable with an input pin (TCY) 

Selects whether extra word A is to be added (1 - yes) 

flow through: 
-o: output register included 
-1: no output register Included 
-2: output register selectable with an input pin 
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INPUTS/OUTPUTS 

Pin/Bus Name 
(in TDL order) 

INPUTS: 
X[O:nx-1] 

Y[O:ny-1] 

A[O:nx+3] 

CKX 
CKY 
CKP 

FT 

TCX 

TCY 

OUTPUTS: 
P[O:nx+ny-1) 

NCR VS1500 Generator 
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Function 

X input bus. Data on X is loaded Into the X input register 
on the rising edge of CKX. 
Y input bus. Data on Y is loaded into the Y input register 
on the rising edge of CKY. 

Optional adder input, usually used for rounding. Data on A 
is loaded into the A register on the rising edge of the 
logical OR of CKX and CKY. A is treated as a two's 
complement number, regardless of tcx and tcy selections. 
Exists if add_in•1. 
X input clock, active on rising edge 
Y input clock, active on rising edge 
Clock input for the optional product register. Active on 
rising edge. Exists if ft-0 or ft-2. 

Flow-through control. When HIGH, the product register is 
transparent. When LOW, the product register is clocked 
by CKP. FT may only change when CKP is LOW. Exists if 
ft-2. 
X input two's complement control. When HIGH, the X 
input is treated as a two's complement number. When 
LOW, Xis treated as an unsigned magnitude number. 
Exists if tcx-2. 

Y input two's complement control, similar to TCX. Exists 
if tcy-2. 

Output product bus, indicating the current contents of the 
product register if in clocked operation, or the product of 
the current x and y register contents if in flow-through 
mode. If clocked, P is updated after a rising CKP edge. If 
flow-through, P is updated after a rising CKX or CKY 
edge. 

Req/ 
Opt 

Req 

Req 

Opt 

Req 
Req 
Opt 

Opt 

Opt 

Opt 

Cap (pf) 

0.164 

0.160 

0.060 

0.162 
0.162 
0.110 

0.181 

0.091 

0.100 
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TIMING PARAMETERS 

Name 

tc k per 

tm 
tm u 

ts 

th 

tsy 

thy 

tpw h 

tpw I 

tc h 

tf t 

tf tp 

Description 

Minimum clock period for CKX, CKY, or CKP 

Clocked multiply time (If Product Register is used) 

Uncloaked multiply time (If Product Register isn't used). The minimum time is 
the hold time for the previous product, and the time between minimum and 
maximum is the bus settling time. 
Output delay time for P outputs after a rising CKP edge. The minimum time 
is the hold time for the previous product, and the time between minimum and 
maximum is the bus settling time. 

Setup time for X, A, TCX, and TCY inputs before a rising CKX or CKY edge 

Hold time for X, A, TCX, and TCY inputs after a rising CKX or CKY edge 

Setup time for Y inputs before a rising CKY edge 

Hold time for Y inputs after a rising CKY edge 

Minimum high clock pulse width 

Minimum low clock pulse width 

Relative hold time. CKP must rise at or before CKX or CKY to guarantee 
correct product output. 

Minimum transition margin from either CKP edge to changing FT 

Maximum delay from FT rising edge to valid P output, assuming that tm u is 
also satisfied 

FUNCTIONAL BLOCK DIAGRAM 

Rev. 1.0 

x TCX y TCY 

CKX ---1 f----+--+---1 1----11-+--\ 
CKY ---1 1--------1 1----11-+-1 

FT------i 
CKP-----o 

MULTIPLIER 
ARRAY 

PRODUCT REGISTER 
loptlonalJ 

p 

A 
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MULTGEN AC WAVEFORMS 

CKX. CKY 

X. A, rcx. rcr 

MULTIPLICATION TIME FOR SQUARE MULTIPLIERS (nx = ny) 

t 
30-

HIN. CTCLE TIME 
CREG I STEREDI 

OR 29-
HUL TIPL T OELAT 
lFLDW-THROUGHl 

Cns, NOMINAL 
CONOITIONSl 

19-

---------------~---------------~--------------i---------------~-1 I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I 
I I 

---------------r---------------~---- -I I 
I I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I I 

----~---------------~-
' I I I 

REGISTERED : : 
IFt•lil or 21 , 1 

I I 
I I 

I I I 

--~---------------'---------------~---------------~-• I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I t I 

B-+-~~-.-~~_.,~~~....-~~~,~~~...-~~~,~~......,...-~~-!--, 

8 16 211. 32 

n• = n11-. 

(See NCR ASIC Data Book for process, voltage, and temperature deratlng factors.) 
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TIMING, POWER, AND AREA EQUATIONS 

1. Input parameters for the following equations are nx and ny. The validity of some 
equations depends on the input parameter ft. CL is the output capacitance in pF. 

2. Timing parameters are specified for nominal process, Voo-5.0 volts, and temperature -

25°C. See the NCR ASIC Data Book for information on derating factors for process, 
voltage and temperature. 

3. All delays for rising and falling outputs are equal, while rise and fall times are 
individually specified. 

PARAM DESCRIPTION TYPICAL VALUE (ns) 

tc k per - 5.84 + 0.07*nx + 0.63*ny 

tm - 5.84 + 0.07*nx + 0.63 .. ny 
tckper Min. clock period 

tm Max. clocked multiply 

t mu(ft-1) Unclocked multiply delay 
(flow-thru, ft-1) 

tm u (max) - 12.08 + 0.1 o•nx + 0.63 .. ny + 0. 792 .. CL 
tm u ( m i n) - 7 .08 + 0. 792 .. CL 

tmu(ft-2) Unclocked multiply delay 
(flow-thru, ft-2) 

tm u (max) - 15.06 + 0.1 o•nx + 0.63 .. ny + 1.23 .. CL 
tm u ( m i n) "' 7 .08 + 1.23*CL 

tcp 

ts 

th 

tsy 

thy 

tpwh 

tpwl 

tch 

tn 

tftp 

Output delay (clocked, ft-0 or 
2) NOTE: See App. note #1 

X,A, TCX, and TCY setup 

X,A,TCX, and TCY hold 

Y setup 

Y hold 

Min. high clock pulse 

Min. low clock pulse 

Relative hold time (clocked) 

FT transition margin 

FT to P delay, assuming 
tm u (max) is also valid 

tc p (max) - 8.05 + 0.014 .. nx + 0.094*ny + 1.23*CL 
tcp (min) - 3.77 + 0.041*ny + 1.23 .. CL 

ts - 1.30 

th - 1.3 + 0.034 .. nx 

tsy - 1.36 

thy - 1.85 + 0.011 *ny 

tp w h - 45 % of tc k p e r 

tpw I - 45% of tckpe r 

tch - 0 
tft -2.5 

tf t p - tc p ( m i n ) 

Rise and Fall Times 

ft-1: tr - 0.545 + 1.33*CL 
tf - 0.506 + 1.05*CL 

ft=O or 2: tr - 0.325 + 2.55*CL 
tf - 0.279 + 1.99*CL 

Current Requirements: I - 0.017 4*ny2 + 0.115*(nx-ny) mA/MHz 

Cell Width 
Cell Height 

Worst case current process, Voo - 5.5V, T - 25°C 
Toggling OxO and FF .. FFxFF .. FF 

(mils) .. 12.50 + 2.48*nx + 1.58*ny 

(mils) - 10.67 + 5.33*ny + 2.60*add_in + offset1 + offset2 
where: offset1 = 0 if tcy-1 

offset1 ... 10.67 if tcy=O or 2 
offset2 - O if ft-1 
offset2 - 6.97 if ft-a or 2 
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TIMING EXAMPLES 

8 x 8 two's complement multiplier with rounding, product register 

(MUL8X8TIAR: nx = 8, ny • 8, tcx = 1, tcy - 1, add_in - 1, ft= 0) 

Nominal 
8 x 8 Multiplier voo = sv 

Symbol 
TA= 25°C TA= 10°c 

Parameter Min Max Min Max 

tc k per Minimum clock period 11.44 21.1 

tm Maximum clocked 11.44 21.1 multiply 

tc P Output delay from CKP 5.24 9.10 9.7 16.8 

ts Minimum setup time for 1.30 2.4 X, A inputs 

th Minimum hold time for X, 1.57 2.9 A inputs 

tsy Minimum setup time for 1.36 2.5 Y Inputs 

thy Minimum hold time for Y 1.94 3.6 inputs 

tpw h Minimum high clock 5.15 9.5 pulse 

tpw I Minimum low clock pulse 5.15 9.5 

tc h Relative hold time 0 0 

Switching characteristics (Input tr , tf = 1.4ns, CL = 0.15pF) 

16 x 16 unsigned multiplier with no rounding, flow-through 

Worst Case 
Voo = 4.5V 

TA= 85°C 
Min Max 

22.0 

22.0 

10.1 17.5 

2.5 

3.0 

2.6 

3.7 

9.9 

9.9 

0 

(MUL 16X16UUNF: nx = 16, ny = 16, tcx - 0, tcy = 0, add_in = 0, ft = 1) 

Nominal 
16 x 16 Multiplier voo = sv 

Symbol 
TA= 25°C TA= 10°c 

Parameter Min Max Min Max 

tc k per Minimum clock period 17.04 31.4 

tm u Maximum unclocked 7.20 23.88 13.3 44.1 multiply 

ts Minimum setup time for 1.30 2.4 X inputs 

th Minimum hold time for X 1.84 3.4 inputs 

tsy Minimum setup time for 1.36 2.5 Y inputs 

thy Minimum hold time for Y 2.03 3.7 
inputs 

tpw h 
Minimum high clock 7.67 14.1 
pulse 

tpw I Minimum low clock pulse 7.67 14.1 

Switching characteristics (Input tr, tf - 1.4ns, CL = 0.15pF) 
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Worst Case 
Voo = 4.5v 

TA= 85°C 
Min Max 

32.8 

13.9 46.0 

2.5 

3.6 

2.6 

3.9 

14.8 

14.8 

TA= 125°C 
Units 

Min Max 

24.7 ns 

24.7 ns 

11.3 19.7 ns 

2.8 ns 

3.4 ns 

2.9 ns 

4.2 ns 

11.1 ns 

11.1 ns 

0 ns 

TA= 125°C 
Units 

Min Max 

36.8 ns 

15.5 51.6 ns 

2.8 ns 

4.0 ns 

2.9 ns 

4.4 ns 

16.6 ns 

16.6 ns 
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APPLICATION NOTES 

Rev. 1.0 

Output delay calculations for product registers 

This applications note applies only to those multipliers that have product registers, i.e., ft•O 
or ft-2. If the flow-through parameter, ft, is equal to 2, then this note only applies when in 

registered mode (pin FT is LOW). 

Due to the way that the product register is implemented within MUL TGEN, the delay from 
CKP to Pis actually dependent on the multiply cycle time. The delay, tcp. is calculated with 

both a minimum and a maximum value. The minimum value of tcp is the output hold time 

for the previous product P. Data on the P output bus will not change before tc p (min). The 

maximum value of tcp, as calculated, only applies when the multiplier is being run at 

maximum frequency (minimum rising CKX/CKY to rising CKP). if the multiplier is being run 
slower, then tcp(max) actually gets less, as shown in Figure 1. 

Above a certain multiplication period, referred to in Figure 1 as tsyn c, tc p (max) will have 

the same value as tcp(min). In other words, all of the bits in the P bus will switch 

simultaneously. For multiplication periods between tckper(min) and tsync. tcp(max) derates 

linearly as shown. 

The period ts y n c is defined as: 

tsync ·- tckper (min)+ 1.2* ( tcp(max) - tcp(min)) 

where tc k per, tc p (max), and tc p (min) are all as defined in the parametric equations. 

Although the tcp(min) and tcp(max) parameters for each output pin will be slightly different 

due to differing output capacitive loads, for simplicity the simulation model will assign the 

shortest tc p (min) and the longest tc p (max) values to the entire P bus. This effect will be 

minor in most situations. 

tckper IMin) 

Figure 1 tc p variation with tc k per 

taync 
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Number formats 

It is only a matter of the user's convention to decide where to place the "binary point" for 

input and output numbers. For instance, MULTGEN treats the products 

01.11 * 001.1 - 00010.101 (1.75 * 1.5 - 2.625) 

and 01'11 * 0011 - 00010101 (7 * 3 - 21) 
exactly the same. The most common number formats used are integer and fractional 

notation. 

Integer notation places the binary point after the LSB of both the inputs and the output, 
whether unsigned or two's complement. Fractional notation, on the other hand, is different 

for unsigned and two's complement. Unsigned fractional places the binary point before the 

MSB, and two's complement fractional places it after the MSB for the inputs and after the 

second most significant bit for the output. These formats are shown in Figure 2. 

Integer Unsigned Inputs 

X[nx-1] X[nx-2] X[1] X[O] 

2nx-l 2nx-2 21 20 

Fractional Unsigned Inputs 

X[nx-1] X[nx-2] X[1] X[O] 

2-l 2-2 2-n x+ 1 2-nx 

Integer Two's Complement Inputs 

X[nx-1] X[nx-2] X[1] X[O] 

-2nx-l 2n x-2 21 20 

Fractional Two's Complement Inputs 

X[nx-1] X[nx-2] 

-20 2-l 
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X[1] X[O] 

2-n x+2 2- n x+ 1 

Y[ny-1) Y[ny-2] Y[1] Y[O] 

2ny-l 2ny-2 21 . 20 

Y[ny-1] Y[ny-2] Y[1] Y[O] 

2-1 2-2 2-n y+ 1 2-ny 

Y[ny-1] Y[ny-2] Y[1] Y[O] 

-2ny- l 2ny-2 21 20 

Y[ny-1] Y[ny-2] Y[1] Y[O] 

-20 2-l 2-ny+2 2-ny+ 1 
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Integer Unsigned Output (nout = nx+ny) 

P[nout-1] P[nout-2] P[nout-3] P[2] P[1] P[O] 

2nout-l 2nout-2 2nout-3 22 21 20 

Fractional Unsigned Output (nout = nx+ny) 

P[nout-1] P[nout-2] P[nout-3] P[2] P[1] P[O] 

2-l 2-2 2-3 2-nout+2 2-nout+l 2-nout 

Integer Two's Complement Output (nout = nx+ny) 

P[nout-1] P[nout-2] P[nout-3) P[2] P[1] P[O] 

-2nout-l 

Fractional Two's Complement Output (nout = nx+ny) 

P[nout-1] P[nout-2] P[nout-3] P[2] P[1] P[O] 

2-nout+4 2-nout+3 2-nout+2 

Figure 2 

Product rounding 

The extra adder input, A, provides a flexible way to do whatever product rounding you may 
need. If you don't need rounding, then setting the Input parameter "add.Jn" to O will 
reduce the circuit area slightly. 

Many applications do not need the full precision available from MULTGEN. In a 16x16 
multiplier, for instance, you may only be able to use the 16 most significant bits of the 

32-bit product. To avoid a systematic bias due to truncation error, the result can be 
rounded by always adding a 1 at the 17th most significant bit. This is accomplished by 
tying pin A[15] to a logic HIGH, and tying the rest of the A bus to logic LOW. Since the 

rounding position and value are determined by external logic and not fixed by the 

MULTGEN compiler, rounding can be conditional and variable, allowing implementation of 

adaptive algorithms. 

Two's Complement Rounding: 

Rounding can be done slightly differently for two's complement numbers to get a "free" 
extra bit of precision. If it is noted that for all products exceot 10 .. 00 x 10 .. 00, the two 
most significant bits of the product are identical, then the portion of the product extracted 

may be right-shifted by one bit. 
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In the 16x16 multiplier, for example, the 16-bit product can be taken as bits 30 (MSB) 
through 15 (LSB), and rounding would then be done by adding a 1 at bit 14. Of course, to 
allow this extra bit of precision requires eliminating the value 100 .. 00 as a valid input. In 

fractional two's complement notation, this corresponds to limiting the input values to the 

range 
-0.1111 .. s: X,Y s: 0.11111 (-1 not allowed) 

Multiplying -1 x -1 results In the product -1 using this method. Many standard multiplier 

parts (IDT IDT7216/17, Cypress CY7C516/17, etc.) include a Format Adjust to allow this 

mode of output. 

Naming conventions 

ViGen will automatically create a default cell name for each unique MULTGEN configuration. 
This name ls encoded in the following manner: 

MUL nx X ny UITIS UITIS NIA RIFIS 

where U means tcx (tcy) - O (first x, then y) 
T means tcx (tcy) .. 1 

S means tcx (tcy) - 2 
N means add_i n = O 

A means add_i n - 1 

R means ft"" o 
F means ft .. 1 

S means ft - 2 (in the last character position) 

The multipliers shown in the timing examples charts are therefore named: 

MUL8X8TrAR 

and M UL 16X16UUNF 
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VS1500 Data Multiplexer 

GENERAL DESCRIPTION 

• The data multiplexer is an N-bit by M-word data 
selector/multiplexer 

• Selectable decode: Binary or one-of-M 
• Optional positive edge triggered flip-flops for 

latching the output bus 

• Optional tristatable output bus 

The multiplexer generator uses several OR-AND­
INVERT type logic circuits whose outputs are OR'ed 
together. When more than one select is high In the 
one-of-M decode configuration, the data Inputs are 
logically OR'ed together. All Inputs and outputs are 
1buffered for low input capacitance and high drive. 
This multiplexer is intended primarily for use in bus 
type applications where several multiplexers are 
controlled by the same set of signals. For NUM_BITS 
- 1, more efficient Implementations can be built with 
standard cells. The greater the number of output bits, 
the more appropriate the use of the MUXGEN cell. 

INPUT PARAMETER RANGES 

INPUT ALLOWED 
PARAMETER RANGE 

SYMBOL 

M - number of words (4-16) 

N - number of bits per bus (1-16) 

The symbol for MUXGEN will be unique for each 
configuration. An example is given here only for 
reference. 

NuM_Jfords = M NuM_Bi ls = N 

DIN© 
DINl 
DIN2 
DINS 
DINLJ. 

Brn~ MuxGEN 
DIN7 
DINS 
DINS 
8rni~ DOUT CN-1: 01 
DIN12 
DIN13 
DINlLJ. 
DIN15 

SEL!Sel_Hldth-1:01 

EN 
CK 

EXPLANATION 

NUM_WORDS 4-16 Number of buses multiplexed per output bit. 

NUM_BITS 1-16 

TRIST ATE__OPT O or 1 

BINARY_OPT 0 or 1 

CK_OPT O or 1 

Rev. 1.0 

Number of output bits. 

O denotes always driving outputs. 
1 denotes tristatable outputs. 

o denotes one-of-M decode. 
1 denotes binary decode. 

o denotes unclocked outputs. 
1 denotes positive edge triggered D-type flip-flop on output. 
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INPUTS/OUTPUTS 
Definitions of the MUXGEN inputs and outputs are given in the following table. 

PIN NAME FUNCTION 

INPUTS: 

DIN (M) (N) Data Inputs: M words, N bits per word. 

SEL (m) Select lines, active high, m - Log2 (M) for binary 
decode or m - M for 1-of-M decode. 

EN Tristate enable pin, trlstates when low. 

CK Clock pin to latch output data. 

OUTPUTS: 

DOUT (N) Output bus 

FUNCTIONAL BLOCK DIAGRAM (1-bit slice) 

DIN [81 (Nl 

DINCllCNl 

DIN [21 CNl 

DINC3l CNl 
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SEL CK 

DECODE BUFFER 

REQ/ 
OPT 

REQ 

REQ 

OPT 

OPT 

EN 

BUFFER 

CAP (pF) 

0.066 

0.064 
0.077 

0.079 

0.078 

0.164 
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AC WAVEFORMS 

CK 

SEL (I'll 

DIN CMl CNl 

EN 

DOUT CNl 
ttr 

Rev. 1.0 

f.ck pwh 

tse 1 SU 

ttr 

~kp 

MUXGEN 
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~kpwl 
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TIMING PARAMETERS AND CELL SIZE AS 
FUNCTIONS OF INPUT PARAMETERS 

1. The input parameters are: NUM_WORDS, NUM...BITS, BINARY_OPT, CK_OPT, TRISTATE_OPT. A list of 

allowed ranges for use in the timing equations is given on the first page of the MUXGEN data sheet. CL is 
output capacitance In pF. 

2. Timing parameters are specified for nominal process, Vdd-5V, and temperature - 25°C. See the NCR ASIC 
Data Book for Information on deratlng factors for process, voltage and temperature. The tplh notation 
refers to the output switching from low to high, and tphl from high to low. 

PA RAM 

tdp 

tsp 

ttr 

tckp 

tdsu 
tdh 

tselsu 
tselh 

tckpwh 

tckpwl 

DESCRIPTION 

Data to output 
propagation delay 
(unclocked) 

Select to output 

propagation delay 
(unclocked) 

ENOUT to tristate 
on or off delay 

Rising cl~ck edge 
to output 
propagation delay 

Data setup time 

Data hold time 

Select setup time 
Select hold time 

Min clock pulse (high) 

Min clock pulse (low) 

TYPICAL VALUE (ns) 

t plh - 4.36 + 0.094*NUM_WORDS + 0.345*TRISTATE_OPT + (0.54 + 

0.161 *TRISTATE_OPT)*CL 
tphl - 2.91 + 0.204*NUM_WORDS + 0.345*TRISTATE_OPT + (0.632 + 

0.104*TRISTATE_0Pl)*CL 

t plh - 4.82 + (0.168*BINARY_OPT + 0.147)*NUM_WORDS + 0.079*NUM_ 
BITS + 0.345*TRISTATE_OPT + (0.540 + 0.161 *TRISTATE_OPT)*CL 

tphl - 4.80 + (0.150*BINARY_QPT + 0.193)*NUM_WORDS + 0.098*NUM_ 

BITS+ 0.345*TRISTATE_OPT + (0.632 + 0.104*TRISTATE_OPT)*CL 

tplh - 1.79 + 0.042*NUM...BITS + 0.678*CL 
t phi • 1.39 + 0.050*NUM...BITS + 0.828*CL 

tpfh - 5.48 + 0.042*NUM...BITS + 0.345*TRISTATE_OPT + (0.540 + 

0.161 *TRISTATE_OPT)*CL 
tphl =- 3.52 + 0.027*NUM...BITS + 0.345*TRISTATE_OPT + (0.632 + 

0.104*TRISTATE_0Pl)*CL 

3.68 + 0.120*NUM_WORDS - 0.019*NUM...BITS 

0 

4.58 + (0.150*BINARY_OPT + 0.193)*NUM_WORDS + 0.079*NUM...BITS 

0 

3.45 + 0.039*NUM-81TS 

3.45 + 0.039*NUM...BITS 

Cell Width (mils) - 3.97 + 1.32*NUM_WORDS + 2.85*CK_OPT + 0.78*TRISTATE_OPT 
Cell Height (mils) - 5.26 + BINARY_OPT*(decode) + ((tracks + 3)*0.259 + bitsllce)*NUM...BITS 

where: 
decode= 4.61 for NUM_WQRDS S 4 

6.92 for NUM_WORDS = 5-7 
9.21 for NUM_WORDS = 8 

10.32 for NUM_WORDS ~ 9 
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tracks =- integer portion of (NUM_WORDS/2) 

bitslice - 1.67 for NUM_WORDS < 10 
1.85 for NUM_WORDS ~ 10 
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TIMING EXAMPLES 

NUM_WORDS:8, NUM_BITS:8, 
TRISTATE_OPT:O, BINARY_OPT:1, CK_OPT:O 

8 WORD, 8-BIT, NOMINAL 
BINARY DECODE MULTIPLEXER VDD=SV 

TR=25C SYMBOL PARAMETER MIN MAX 
tsp Propcigci t1 on ti l'le ~plh 8.2 

CSEL to DOUTl t-2_h 1 8.6 
tdp Propcigo ti on ti l'le tplh 5. ij 

COIN to DOUTl t_E_hl ij. 9 

TA=70C 
MIN MAX 

16.8 
17.7 
11. 1 
10. 1 

Switchin 9 Chorocteristics (In p ut tr, tf'=l. IJns, 

! 

'.· 

NUM_WORDS=8, NUM_BITS=4, 
TRISTATE_OPT:1, BINARY_OPT=O, CK_OPT=1 

8 WORD, IJ-B IT, CK_OPT, NOMINAL 
TRISTATE_OPT MULTIPLEXER VDD=SV 

TR=25C SYMBOL PARAMETER MIN MAX 
f Tckp Propcigotion til'le Tplh 6.11 

CCK to Doun ti:i_hl ij. ij 
!:tr ENOUT to tristote tplh 2.3 

on or off de 1 o_y_ t_E_hl 2.8 
tck_E_wl CK low _E_ulse width 3.6 
tckpwh CK hi_gh _Q_ulse width 3.6 
Tselsu SEL se tu..E. ti l'le before CK 7.6 
tselh SEL hold ti Me 0 
tdsu DIN setup til'le before CK I.!. 6 

Tdh DIN hold til'le 0 

TR=70C 
MIN MAX 

13. 1 
9.0 
11.7 
LL 1 

7 .14 
7. I.! 

15.6 
0 
9. I.! 
0 

MUXGEN 
VIGen CONFIGURABLE FUNCTION 

WORST CASE en 
VDD=ij.5V I--TA=85C TA=125C z 

::::> 
MIN MAX MIN MAX 

17.6 19.7 ns 
1 B. II 20.6 ns 
11. 6 13.8 ns 
lB. 5 11. B ns 

CL=0.5 p Fl 

WORST CASE en 
VDD=ll.5V I--TA=85C TA=125C z 

::::> 
MIN MAX MIN MAX 

13.7 15 .14 ns 
9. ij lB. 6 ns 
11.9 5.5 ns 
ij. 3 ij. 8 ns 

7.7 8.6 ns 
7.7 8.6 ns 

16.3 18.2 ns 
0 0 ns 
9.8 11. 8 ns 
0 0 ns 

Switching Chorocteristics (Input tr,tf'=l.l,lns, CL=0.Spfl 

Rev. 1.0 NCR VS1500 Generator 
Page 63 



MUXGEN 
ViGen CONFIGURABLE FUNCTION 

APPLICATION NOTES 

Area Calculations 
Because of a layout approach that uses automatic place and route and compaction 
techniques, it is impossible to predict cell area exactly without actually creating the cell. 
Although the cell area equations are usually accurate to within 10%, in some instances the 
estimates can be off by as much as 20%. 

Architecture and Primary Uses 
The multiplexer generator Is built around an OR-AND-INVERT NOR multiplexer architecture. 
All input data, select and control lines are buffered so input capacitance is a fixed value for 

all inputs and will not change with configuration. The select buffers are optimized to drive 
wide input buses. This makes the multiplexer well suited for bus applications where several 
multiplexers are all controlled by the same set of control lines. This also means that 
MUXGEN is not suited for most single bit multiplexer applications due to the large area and 
delay overhead of this multiple buffering scheme. If the binary decode option is chosen, 
the select inputs are buffered with an inverter before driving a NANO decoder which in turn 

drives the select line buffers. The output of the OAl/NOR multiplexer normally is buffered 
with a high drive buffer, although a tristate buffer will be substituted if the tristate option is 
chosen. When the tristate option is chosen, the output is driven when EN is high and is 
high impedance if EN is low. A positive edge triggered flip-flop is placed between the NOR 
gate and output buffer if the clock option is chosen. The inclusion of the flip-flop will add 
setup and hold requirements to the input data and select signals relative to the rising clock 
edge. 

Naming Conventions 
ViGen will automatically create a default cell name for each unique MUXGEN configuration 
with the configuration information encoded in the following manner: 

MUX num_words X num_bits X tristate_opt binary_opt ck_opt 

Therefore, the default names for the two example multiplexers would be: 

Limitations 

MUX8X8X010 
MUX8X4X101 

QUICKSIM Save and Restore functions will not currently operate with generated cells. 
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VS1500 RAM Generator 

FEATURES 

• Modular RAM allows variable 
configurations up to 32K bits. 

• Pseudo static for reduced complexity and 
operating power (0 de power) 

• Enable input is taken low between each 

read and write access. This feature is 
applicable for clocked operation. 

• Tristate and always-driving outputs 

DESCRIPTION 

The RAM generator produces a low power 
pseudo static RAM. On reads, the RAM 
enable Input (RAMEN) is taken low in order to 

precharge internal states. When RAMEN 

input is taken high, the sense amp quickly 

discharges outputs when reading a logic low. 
On writes, RAMEN is initially taken low in 
order to allow address inputs to change. Data 

from the data input bus Is written while 
RAMEN is high. Many internal states are 

only precharged to Voo - Vthreshold in 

order to reduce power (=CV2 F) and decrease 

read discharge time. To further reduce ac 

power dissipation when the RAM is disabled, 
all inputs are internally gated by RAMEN. By 

externally tying a tristatable output to a data 
input, a bidirectional 1/0 line can be obtained. 

INPUT PARAMETER RANGES 

Input Parameter Allowed Range 

Num_Words 8 - 2048 
(even only) 

Word_ Width Any integer :::;;: 32 

8 :::;;bits ~2768 

Rev. 1.0 

SYMBOL 

The symbol for RAMGEN will be unique for 
each configuration. An example Is given here 

only for reference. Data_Width - Word_Width 
and Address_Width - r1og2Num....Words1 

Address~idtn= A Do to~ 1 d tn= D 

DOT CD-1101 RR HEN 
WEB RAMGEN 

DD CD-1 :01 
R IR-1101 

DIN CD-1: 01 
Nul"l~orde= N 

Explanation 

Number of words In RAM array 

Number of bits in a word 

Number of bits "' Num_Words x Word_Wldth 
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INPUTS/OUTPUTS 

Pin/Bus Name 
(in TDL order) Function Cap (pF) 

INPUTS: 
RAMEN 

WEB 

A[O:k-1] 

RAM enable is active high. Internal states are precharged 
when RAMEN is low. Reads and writes are enabled when 
RAMEN is high. 

Read/Write select: active high for read, active low for 
write. 

Address input bus of width k ( k - flog2 Num_Words l ). 
Addresses may only change while RAMEN is low. 

DIN[O:Word_Width-1] Data input bus. 

OUTPUTS: 
DO[O:Word_Width-1] Data output bus, driven by RAM {on read) and DIN {on 

write). Goes high on low RAMEN input. 

DOT[O:Word_Width-1] Tristate data output bus is driven when WEB and RAMEN 
inputs are high. Otherwise DOT is at high impedance. 

TIMING PARAMETERS 

Name 

ta s u 

ta h 

ten I 

ten h 

tac c 

td h 

tac ct 

td ht 

td s u 

tw d h 

td i do 

tr 

tf 

trt 

tf t 
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Description 
Minimum address/WEB setup time before RAMEN rises (Read, Write) 

Minimum address/WEB hold time after RAMEN falls (Read, Write) 

Minimum RAMEN low pulse width (Read, Write) 

Minimum RAMEN high pulse width {Read, Write) 

Maximum delay from rising RAMEN to valid output data on DO (Read) 

Minimum delay from falling RAMEN during which DO data remains valid 
(Read, Write) 

Maximum delay from rising RAMEN to valid output data on DOT (Read) 

Minimum delay from falling RAMEN until DOT outputs at high impedance 
(Read) 

Minimum input data (DIN) setup time before RAMEN falls (Write) 

Minimum input data (DIN) hold time after RAMEN falls (Write) 

Maximum delay from data in to data out while RAMEN high (Write) 

Maximum output rise time on DO 

Maximum output fall time on DO 

Maximum output rise time on DOT {Read) 

Maximum output fall time on DOT {Read) 

0.377 

0.254 

0.093 

0.302 

0.190 
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FUNCTIONAL BLOCK DIAGRAM 

RA HEN 

A C 0: k -11 ,_.._.............i 

WEB -----1> 

ROW 
DECODERS 

BUFFERS 

I/O 
CONTROL 

RAM GEN 
VIGen CONFIGURABLE FUNCTION 

COLUMN PRECHARGERS 

nw x ww 
RAH ARRAY 

COLUMN DECODERS 

OUTPUT 
OR IVERS 

INPUT 
OR IVERS 

nw•Nul'IJforde 
ww=WordJl1dth 
k=log2NuP1Jlorde DOT !Eh ww-1 l 

DO ll:hww-11 

Rev. 1.0 NCR VS1500 Generator 
Page 67 



RAM GEN 
ViGen CONFIGURABLE FUNCTION 

RAMGEN AC WAVEFORMS 

ADDRESS INPUTS, 
WEB 

AA MEN 

AERO DATA COOi 

AEAD DATA CDOTl 

WAITE DATA COIN! 

WAITE DATA OUT IDOi 
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----

TRISTATE 

VALID ADDRESS 

VALID DATA 

TRISTATE 
VALID DATA 
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TIMING, POWER, AND AREA EQUATIONS 

Rev. 1.0 

Equations are given in terms of several variables which describe a RAM's 

characteristics. To solve the timing, power, and area equations given below, first 

determine RAM variables by following these steps: 

1. Nurn_Words and Word_Width are generator input parameters. 
2. CL is output capacitance In pF. 

3. coLdec - internal column decode. Possible values for coLdec are 4, 8, and 16. 
RAMGEN chooses smallest coLdec which is ~ v'Nurn_Words I Word_Width. If 

v'Nurn_Words I Word_Width > 8, use coLdec - 16. 
4. Nurn_Words is internally rounded up to the nearest multiple of 2*coLdec. 

5. rows - internal array rows - Nurn_Words I coLdec. 

6. cols - internal array columns - Word_Width*coLdec. 

7. Lr - flog2 rows l (ceiling function: round up to nearest integer) 

All times are in nanoseconds and are NOMINAL (Voo - 5.0 volts, T - 25C, Norn. 

process). See the NCR ASIC Data Book for process, voltage, and temperature derating. 

PA RAM DESCRIPTION TYPICAL VALUE (ns) 

tasu 

tah 

tenl** 

tenh* 

tacc* 

tdh 

t acct* 

tdht 

tdsu* 

twdh 

tdido 

tr 

tf 

t rt 

tf t 

Address/WEB setup 

Address/WEB hold 

RAMEN low pulse width 

RAMEN high pulse width 

DO access 

DO hold 

DOT access 

DOT hold 

Write data setup 

Write data hold 

Data in to data out 

DO rise 

DO fall 

DOT rise 

DOT fall 

-o 
= 0. 7 4 + 0.11 O*Lr + 0.020*Word_Width 

- 4.58 - 0.1 OO*Lr + 0.01 O*cols + 0.090*rows 

- tacc 
= 5. 72 - 0.300*Lr + 0.020*cols + 0.076*rows +0.232*CL 

- 2.25 + 0.214*Lr + 0.104*Word_Width + 0.390*CL 

- 5. 73 - 0.295*Lr + 0.021 *cols + 0.076*rows + 0.605*CL 

= 1.25 + 0.119*Word_Width 

= 2.68 + 0.026*rows 

= 0.67 + 0.065*Lr + 0.098*Word_Width 

= 5.62 + 0.020*cols + 0.067*rows + 0.452*CL 

= 0.58 + 0.840*CL 

= 0.57 + 0.900*CL 

- 0.77 + 2.230*CL 

- 0.49 + 0.930*CL 

* If coLdec equals 4, then 0.5 ns can be subtracted from ten h, tac c. tac ct, and td 5 u. 
** ten 1 equals maximum of ten 1 and td h. 

Current Requirements: I - 4.54*rows + 6.32*cols + .0281 *rows*cols (µA/MHz) 
Worst case current process, Voo = 5.5V, T = 25°C 

Cell Height 

Cell Width 

Estimate (mils) = 10.6 + 1.22*rows 

Estimate (mils) = 6.29 + offset + 0.826*cols 

if 04 ;S;cols < 40 
if 40 ;S;cols < 80 
if 80 ;S;cols ;S;256 

use offset = 2.50 
use offset = 3.53 
use offset = 4.87 
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TIMING EXAMPLES 

512 x 8 RAM: coLdec - 8, rows - 64, cols - 64, Lr - 6 

Nominal Worst Case 
512x8 RAM Voo = sv voo = 4.5V 

Symbol 
TA= 25"C TA= 70"C TA= 85°C TA= 125"C 

Parameter Min Max Min Max Min Max Min Max 

tasu Address/WEB set-up 0 0 0 0 

ta h Address/WEB hold 1.56 2.92 3.04 3.40 

ten I RAMEN low pulse width 10.38 19.41 20.24 22.63 

ten h RAMEN high pulse width 10.10 18.88 19.69 22.02 

ta cc DO access 10.10 18.88 19.69 22.02 

td h DO hold 4.42 8.27 8.63 9.65 

tac ct DOT access 10.26 19.18 20.00 22.36 

~ht DOT hold 2.20 4.12 4.29 4.80 

~SU Write data set-up 4.34 8.12 8.47 9.47 

twd h Write data hold 1.84 3.45 3.60 4.02 

td i do Data in to data out 11.26 21.05 21.95 24.54 

Switching characteristics (Input tr , tf - 1.4ns, CL ,. 0.15pF) 

64 x 4 RAM: coLdec - 4, rows .. 16, cols - 16, Lr - 4 

Nominal Worst Case 
64 x 4 RAM Voo = sv Voo = 4.sv 

Symbol 
TA= 25°C TA= 70°C TA= 85°C TA= 125°C 

Parameter Min Max Min Max Min Max Min Max 

ta s u Address/WEB set-up 0 0 0 0 

ta h Address/WEB hold 1.26 2.36 2.46 2.75 

ten I RAMEN low pulse width 5.78 10.81 11.27 12.60 

ten h .. RAMEN high pulse width 5.59 10.45 10.90 12.19 

tac c 
.. DO access 5.59 10.45 10.90 12.19 

td h DO hold 3.58 6.70 6.98 7.81 

tac ct .. DOT access 5.69 10.65 11.10 12.41 

td ht DOT hold 1.73 3.23 3.37 3.76 

td s u 
.. Write data set-up 2.60 4.85 5.06 5.66 

tw d h Write data hold 1.32 2.47 2.58 2.88 

td i do Data in to data out 7.08 13.24 13.81 15.43 

Switching characteristics (Input tr , tf - 1.4ns, CL - 0.15pF) 
*Since coLdec equals 4, 0.5 ns (Nominal) was subtracted from ten h • tac c • tac ct, and td s u . 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ACCESS AND CYCLE TIME for square arrays (rows= columns) 

Rev. 1.0 

Graph slightly overestimates for array columns > rows. 

Cycle time ... ten I + ten h 

t 
MINIMUM 

CYCLE TIME 
QA 

RCCESS TIME 
Cne, NOHINRL 
CONOITIONSI 

36-

32-

28-

21&-

28-

16-

12-

0 • I I 
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I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

I&- ----------------~----------------~----------------~----------------~-• I I I 
I I I I 
I I I I 
I I I I 
I I I I 
t I I I 
I I I I 

B-+-~ ....... ~ ....... ~~~....a..,~~~ ....... ~~~....a..,~~~ ....... ~~~....a..,~~~ ....... ~~~--
B lK 2K l&K SK BK lBK 12K 16K 

BITS CNu"_Morda x Word_Midthl ~ 

(See NCR ASIC Data Book for process, voltage, and temperature derating factors.) 
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RAM GEN 
VIGan CONFIGURABLE FUNCTION 

APPLICATION NOTES 

Designing for testability 

Test programs for ASIC components must be able to verify that all circuit elements in 
the design are functioning properly. This includes verifying the functional correctness 
of the design and detecting faults caused by manufacturing defects. There are many 
methods to improve the testability of a component, ail of which involve trade-offs in 
the amount of extra logic required, the resulting test time, and the degree of test 
coverage. A highly recommended method for the RAM is to multiplex the address, 
control, and data lines to the external part pins during a test mode. This allows direct 
control and observability of the RAM during test. In pin limited situations, the use of 
scan registers to shift in the address and data and to shift out the output may be 
desired. 

To adequately test the RAM, the following conditions and patterns should be 
considered: 

• Tying address and data input lines together while writing provides an excellent 
test of every data value. Verify by comparing each address with address 
content. This pattern will catch faults In the address decode. Repeat test with 
address complements written through data inputs. This ensures that logic one 
and zero are written to every bit and verified. Preferably, all bits should be 
written first and then read. 

• The data output should change frequently between consecutive reads. The 
above pattern or a "checkerboard" pattern is a good example of this. 

• Operate RAM at near maximum frequency to verify that sense amps and other 
critical timing circuitry are working properly. 

• During reads to verify bit contents, set data inputs to a value other than the 
value being read (such as all 0/1). This verifies that outputs are not being 
driven by inputs during reads. 

• Verify tristate control by reading through tristate outputs. 

Column address inputs are the least significant bits of the address. If the RAM is 
operated as specified, then the critical race conditions which can cause write or read 
disturb. problems will not exist in this design. 

Output drive 

The data outputs (DO) have high output drives (approximately equal to the drive of an 
HBUF). Through the tristate outputs (DOT), the drive Is about half the data output 

drive (slightly less than the drive of a TBUFP). 
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RAM GEN 
ViGen CONFIGURABLE FUNCTION 

Naming conventions 

VIGen will automatically create a default cell name for each unique RAMGEN 
configuration. This name Is encoded In the following manner: 

RAMGEN <WORDS> X <WORDBITS> 

Therefore, the default names for the two example RAMs would be: 

RAMGEN512X8 and RAMGEN64X4. 
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ROM m x n 
ViGen CONFIGURABLE FUNCTION 

VS1500 ROM Generator 

GENERAL DESCRIPTION 

• Modular ROM allows flexible organization 
• Clocked operation suited to 

microcomputer applications 
• Access time is less than 57 ns 

Inputs: 
Outputs: 

ROMENB, A(I) 
DO(n), DOT(n) 

Input Cap.: Address Inputs - 0.12pF 
ROMENB - 0.18pF 

Output Cap.: 0.095pF 
Cell Size: See 1.5µ ROM Application Notes 

SYMBOL 

m - number of words (128-8192) 
n - word width (1-16) 
I - number of address inputs (7-13), 

where I - r1og2 Cm>l 

The symbol for the ROM will be unique for 
each workstation. An example is given here 
only for reference. 

ROHENB DOT Cnl 

ROM 

A CIJ DO Cnl 

The modular ROM supercell is pseudo-static for reduced complexity and operating power. The enable 
input (ROMENB) must be taken high between each access. The memory array is organized as "m" words, 
where each word has "n" bits. "m" can be any multiple of 128, while "n" can be any integer. Both 
trlstatable and always driving outputs are provided. 

INPUT PARAMETER RANGES 

Input Parameter 

Number of words (m) 

Word width (n) 
Number of address inputs (I) 
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Allowed 
Range 

128-8192 

1-16 
7-13 

Explanation 

Number of words (number of bits - word 
width x number of words) 

Word size 
Address input bus width 
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(Input tr, tf -1.75 ns, Q-5.0 pF) 

SYMBOL PARAMETER 

tASU Address Setup 
Time before ROMENB (Reac:ft 

tAH Address Hold 
Time after ROMENB 

tf:NL ROMENB Low Pulse Width 

tf:NH ROMENB High Pulse Width 

tACC ROMENB to DO Output (Read) 

toH DO Outputs HOid Time (R,W) 

tACCT ROMENB to DOT Output (Read) 

to HT DOT Outputs Hold Time (Read) 

AC WAVEFORMS 

ADDRESS INPUTS 

Rev. 2.1 

ROMENB 

DATA mm 

DATA rnoTJ 

tosu 

NOMINAL 
Yoo = 5Y 
TA= 25C 
MIN MAX 

0 -
3.2 -
- -

8.8 -
- -
4 10.4 
- -

2.4 12 

f.occ 

ROM m x n 
VIGen CONFIGURABLE FUNCTION 

WORST CASE 
Yoo = 4.5Y 

TA= 70C TA = 85C 
MIN MAX MIN MAX 

0 - 0 -
5.6 - 6 -. - • -
17.6 - 18.4 -
- . - • 
8 20 8.8 20.8 
- •• - .. 

4.8 24 5.2 24.8 

VALI DA A 

VALID DATA 

TA = 125C 
UNIT 

MIN MAX 

0 - ns 

6.4 - ns . - ns 
20.8 - ns 
- • ns 

9.6 24 ns 
- .. ns 

5.6 28 ns 
• See Figure 1 

•• See Figure 2 

TRISTATE 
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ROM m x n 
VIGen CONFIGURABLE FUNCTION 

FUNCTIONAL BLOCK DIAGRAM 

ROMENB 

a: 
LLJ 
c 
0 
u 
LLJ 
c 
3: 
0 
a: 

k+l 
C2 = rt, K?6l 

COLUMN PRECHARGERS 

32n 

"" x n READ-ONLY 
ARRAY 

COLUMN DECODERS 
n 

OUTPUT 
DRIVERS 

n 

DOT (8) -DOT Cn-1 l DO C8l -DO Cn-1 l 

K+l: nurtber of oddre~ses 

NCR VS1500 Generator 
Page 76 

Rev. 2.1 



120 

100 -)( 

" 80 ..§. .. 
60 c 

0 
u 
~ ij0 

20 

120 

20 
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1K 

ROM m x n 
VIGen CONFIGURABLE FUNCTION 

Access Time, fAcc or tENH as a function of memory size 

n (word width) = 8 

1K 2K ijK 
number of words (m) 

Figure 1 ROM Access time (DO) output 

Access Time, fAccr as a function of memory size 

2K ijK 
number of words (m) 

n (word width) = 8 

Figure 2 ROM Access time (DOT) output 

8K 

BK 
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SHFTGEN 
ViGen CONFIGURABLE FUNCTION 

VS1500 Shift Register 

GENERAL DESCRIPTION SYMBOL 

• m by n synchronous (positive edge triggered) shift 
register 

• 8 to 32 horizontal bits, 1 to 32 vertical bits 

The symbol for SHFTGEN will be unique for each 
configuration. An example is given here for 
reference only. 

• Rectangular array of static memory elements - a 

memory element may be conditionally enabled to 
load data from any of its four adjacent memory 

elements or from input terminals if the memory 
element is at the periphery of the array 

HOflJIITS • H 
VEFIJI I TS = N 

• Data can always be shifted right. Shift left, up and 
down options are available 

SRI!Nl 
SLOCNJ 

z: z: 
Q 
::I Cl 
ft) ft) 

SRO!NI 
SLI !NJ 

• A synchronous clear function initializes all 
elements to a zero state 

SLEN SREN 

• Right and left data output buses can optionally be 
configured as tristatable outputs for bus 
applications 

All state changes occur on the rising edge of the clock. 
The memory elements are static and there is no minimum 
clock rate. When all control signals are low, the shift 
register is in the hold state and all memory elements 
retain their values independent of the clock. The 
memory element states are changed by the clock when 
one control signal is high. Multiple assertion of control 
signals is not allowed. 

INPUT PARAMETER RANGES 

SL 
SR 
SU 
so 
CLR 
CK 

SHFTGEN 

z: z: 
.... Q 
::I Cl 
ft) ft) 

INPUT ALLOWED EXPLANATION PARAMETER RANGE 

HOR_BITS 

VER_BITS 

SL OPT 

SU_OPT 

SD_OPT 

SREN_OPT 

SLEN_OPT 
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8 - 32 

1 - 32 

0 or 1 

0 or 1 

O or 1 

0 or 1 

0 or 1 

Number of horizontal bits 

Number of vertical bits 

0: No shift left option 
1: Shift left enabled 

0: No shift up option 
1: Shift up enabled 

0: No shift down option 
1: Shift down enabled 

0: Always driving shift right outputs 
1: Tristatable shift right outputs 

0: Always driving shift left outputs 
1: Tristatable shift left outputs 

(NOTE: Only valid when SL=1) 

Rev. 1.0 



SHFTGEN 
ViGen CONFIGURABLE FUNCTION 

FUNCTIONAL BLOCK DIAGRAM 
The SHFTGEN array is organized with the shift right and shift left least significant bits on the top row. 
The shift up and shift down least significant bits are on the right most column of the array. If data is 

input on the shift up or down bus and then shifted right, the least significant bits will be shifted out 
first. If data is input on the shift right or left bus and then shifted up, the least significant bits will be 

shifted out first. 

SLEN 

BUFFEFt 

SAIIBJ 

SLOC91 

SAii 11 

SLOl 11 

SAil2l 

SL0!21 

CONTROL 
CCK, CLR, SR, SL, SU, 

SD~EMDASYUO 
SRI SAO 

ELEMENT 
SLO SLI 

SOD SUI SDO SUI 

SOI SUD SD~EMDA1-uo HEH ORY 
SRI SAO SRI SAO 

ELEMENT ELEMENT 
SLO SLI SLO SLI 

SOD SUI SOD SUI 

SDI SUD SDI SUD 
MEMORY MEMORY 

SRI SAO SRI SAO 
ELEMENT ELEMENT 

SLO SLI SLO SLI 

SDO SUI SDO SUI 

SDOl21 SUI 121 SOD 11 I SU I I 11 

MEMORY ELEMENT 

SRI 
SLI 
SUI 
SDI 

CONTROL LINES 
IC 
..JIC..J::::IO ¥ 
Ull'lll'llnln U 

Sl S2 SS 51,1 SS 
INl 5 TO l 
IN2 HUX 

OUT 
INS 
INl,I 
INS 

D 
OFF 

CK 

SDl 

SAEN 

SAO!BI 

SLIIBI 
SDO 

SAOCll 

SLI Cl I 
SOD 

SD~EHDlffO 
SA0!21 

SLI!21 
SDO SUI 

SDOIBl SUIIBl 

SAO 
SLD 
SUD 
SDD 
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SH FT GEN 
ViGan CONFIGURABLE FUNCTION 

INPUTS/OUTPUTS 
Definitions of the SHFTGEN Inputs and outputs are given In the following table. The netlist 
order for all buses Is least significant bit to most significant bit. 

PIN NAME FUNCTION 

INPUTS: 
CK Clock - positive edge triggered 

CLR Clear - sets all memory elements to zero on rising clock 
edge (active high) 

SR Shift right control line (active high) 

SL Shift left control line (active high) 

SU Shift up control line (active high) 
SD Shift down control line (active high) 

SREN Right output tristate enable, trlstates when low 

SLEN Left output tristate enable, trlstates when low 
SRI (N) Shift right data Input bus 

SU (N) Shift left data input bus 

SUI (M) Shift up data input bus 
SDI (M) Shift down data input bus 

OUTPUTS: 
SRO (N) Shift right data output bus 

SLO (N) Shift left data output bus 
SUO (M) Shift up data output bus 
DSO (M) Shift down data output bus 

AC WAVEFORMS 

CK 

CONTROL 1'.c s u 
(CLR, SR 

SL, SU, SDl 

INPUT DATA 
(SRI,_ SL I --....... 

SUI,;:,OIJ ------

TRISTATE ENABLE 
(SREN, SLENl 

OUTPUT DATA 
(SRO. SLO 
suo. som 
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REQ/ CAP 
OPT (pF) 

REQ 0.118 
REQ 0.118 

REQ 0.118 
OPT 0.118 

OPT 0.118 
OPT 0.118 
OPT 0.060 
OPT 0.060 
REQ 0.056 
OPT 0.056 

OPT 0.061 
OPT 0.061 

REQ 0.181 

OPT 0.181 
OPT 
OPT 
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SHFTGEN 
ViGen CONFIGURABLE FUNCTION 

TIMING PARAMETERS AND CELL SIZE AS FUNCTIONS OF INPUT PARAMETERS 

1. The input parameters are: HOR_BITS, VER_BITS, SLOPT, su_OPT, SD_OPT, SREN_OPT, and SLEN_OPT. A 

list of allowed ranges for the input parameters is given on page 1. CL is output capacitance in pF. 

2. Timing parameters are specified for nominal process, Vdd-5.0 volts, and temperature - 25°C. See the NCR 
ASIC Data Book for Information on derating factors for process, voltage and temperature. The tplh 
notation refers to the output switching from low to high, and tphl from high to low. 

PA RAM 

tcsu 

tch 

tdsu 

'tdh 

tckpwl 

tckpwh 

tckp 

(r ,I) 

DESCRIPTION 

Control (CLR,SR,SL,SU,SD) setup 
time before rising clock edge 

Control (CLR,SR,SL,SU,SD) hold 
time after rising clock edge 

Data (SRl,SLl,SUl,SDI) setup 
time before rising clock edge 

Data (SRl,SLl,SUl,SDI) hold 
time after rising clock edge 

Min clock pulse width (low) 

Min clock pulse width (high) 

Rising clock edge to valid 
right or left output data 

VALUE at NOMINAL CONDITIONS (ns) 

5.3 

1.3 

2.8 

7.2 

3.40 + 0.81 *(SLOPT + su_OPT' + SD_OPT) + 0.072*HOR_BITS + 
0.082*VER-81TS 

3.40 + 0.81 *(SLOPT + su_OPT + SD_OPT) + 0.072*HOR__BITS + 
0.082*VER__BITS 

tplh .. 6.30 + 0.81 *(SLOPT+SU_OPT+SD_OPT) + 0.051 *HOR_81TS 

+ 0.082*VER_BITS + 1.32*(SR,SL)EN_OPT + 1.00*CL 
tphl - 5.23 + 0.62*(SLOPT+SU_OPT+SD_OPT) + 0.048*HOR_81TS 

+ 0.041 *VER_BITS + 1.44*(SR,SL)EN_OPT + 1.08*CL 
(NOTE: The SREN_OPT delay factor only adds to shift right delays and only when the tristatable shift right option 

is enabled. The SLEN_OPT delay factor adds only to shift left delays and only when the tristatable shift left option 

is enabled.) 

tckp Rising clock edge to valid 

(u,d) up or down output data 

SREN, SLEN to tristate 
on or off delay 

tplh - 6.1 + 0.81*(SLOPT + SU_OPT + SD_OPT) + 
0.072*HOR_81TS + 0.082*VER_BITS + 1.02*CL 

t phi - 4.1 + 0.62*(SLOPT + SU_OPT + SD_OPT) + 

0.072*HOR__BITS + 0.043*VER_81TS + 0.64*CL 

tplh = 2.3 + 0.065*VER_81TS + 0.98*CL 
t phi .. 2.4 + 0.032*VER_81TS + 1.03*CL 

Cell Width (mils) - 3.24 + (4.00 + 0.22*SLOPT + 0.33*SU_OPT) * HOR__BITS + 1.00*SREN_OPT + 

1.94*SLOPT + 1.00*SLEN_OPT 
Cell Height (mils) • 9.97 + 2.33*VER_BITS 
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SHFTGEN 
ViGen CONFIGURABLE FUNCTION 

TIMING EXAMPLES 

HOR_BITS:32, VER_BITS:16, SL_OPT:O, SU_OPT:O, 
SD_OPT:O,SREN_OPT=O,SLEN_OPT:O 

32 HOR_BIT, 16 VER_BIT SHIFTER NOMINAL 
VDD=SV 
TA=25C Sl'MBOL PARAMETER 

MIN MAX 
tcsu Control (CLR, SRl setup ti Me 5.3 before risinJ;l clock edg_e 
Toh Control (CLR, SRl hold ti Me 

1.3 ofter risi~ clock ed_ae 
tdsu Doto CSR I l setup t iMe 2.8 before risin_a clock ed_ae 
tdh Doto CSR I l hold ti Me 

7.2 ofter risin_g_ clock ed_ae 
tckpr Rising clock edge to tplh 9.8 

vol id d_ght out_E__ut doto t_E__hl 8.8 
Tck__Q_w 1 MiniMUM clock _E__ulse (low) 7.8 

_- Tc~wh M1n11"tuM clock ...e_ulse Ch i_g_hl 7.8 

WORST CASE 
VDD=Ll.SV 

TA=78C TA=85C TA=125C 
MIN MAX MIN MAX MIN MAX 

18. 9 11. LI 12.8 

2.7 2.8 3. 1 

5.8 6.8 6.7 

lLL 8 15. LI 17.3 

28.8 28.9 23.L! 
16. LI 1 7. 1 19. 1 

11.l.l! 15.8 16.9 
11.l.L! 15.8 16.9 

Switching Chorocteristics (Input tr,tf=l.ijns, CL=G.Spfl 

HOR_BITS:16, VER_BITS:4, SL_OPT:O, SU_OPT:O, 
SD_OPT:1,SREN_OPT:1,SLEN_OPT:O 

16 HOR_B IT. ij VER_BI T NOMINAL 
SO_OPT, SREN_OPT SHIFTER VDD=SV 

TA=25C 
SYMBOL PARAMETER MIN MAX 
tcsu CLR,SR,SD setup tiMe 5.3 before risin_a clock ed_ae 
tch CLA,SR,SD hold ti Me 

1. 3 
ofter rising clock ed~e 

tdsu Doto CSRI,SDil setup til"le 
2.8 before r1s1n...Q_ clock ed_ae 

tdh Doto (SRI, SDil hold tiMe 7.2 
ofter risinR clock ed~e 

tckpr Rising clock edge to Tplh 18. 1 
vo 1 id r i_g_h t ou t...e_u t da to t_p_h l a.a 

Tckpd Rising clock edge to tplh 8.9 
volid down output doto tjJ__ h l 6. L! 

ttr SREN to tristate Tplh 3. l 
on or off delo_y_ t__Q_h l 3. 1 

Tck_Q_w 1 MiniMul"t clock _EJ__ulse (1 ow) 5.7 
Ch i_g_hl 5.7 

WORST CASE 
VDD=Ll.5V 

TA=78C TA=85C TA=125C 
MIN MAX MIN MAX MIN MAX 

18. 9 11. LI 12.8 

2.7 2.8 3. 1 

5.8 6.8 6.7 

1LL 8 1 s. Ll: 17.3 

28.7 21. 6 21.l.2 
18.8 18.8 21. 1 
18.3 19. 1 21. L! 
13. 1 13.6 15.3 
6.3 6.6 7.3 
6.3 6.5 7.3 

11. 7 12.2 13.7 
11. 7 12.2 13.7 tck_E__wh MiniMul"t clock ...e_ulse 

Switching Chorocterist1cs Clnput tr,tf=l.ijns, CL=G.Spf) 
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en 
I-...... 
z 
::::> 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

en 
I--z 
::l 

ns 

ns 

ns 

ns 

ne 

ns 

ns 

ns 
ns 
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SHFTGEN 
VIGen CONFIGURABLE FUNCTION 

APPLICATION NOTES 

Area Calculations 
Because of a layout approach that uses automatic place and route and compaction 
techniques, it is impossible to predict cell area exactly without actually creating the cell. 

Although the cell area equations are usually accurate to within 10%, In some instances the 
estimates can be off by as much as 20%. 

Primary Uses 

Rev. 1.0 

SHFTGEN Is Intended primarily for use in bus type applications where several bits are 
shifted in parallel with the same clock and control signals. Although the maximum number 

of horizontal bits is limited to 32, longer shift registers can be built by increasing the 
number of bits and using the output from bit O (SRO[O]) as the input for bit 1 (SRl[1]}, etc. 
In fact, creating an N X M rectangular array and using the SRO[N] output bit as the input to 
the SRl[N+1] bit Is the preferred way of implementing a 1 bit shift register that is (N X M) 

bits long. This creates smaller layouts than would be possible when only 1 bit is used. 
Using this wraparound strategy, a 32 bit shift register can be built in the three different 
configurations listed below. Note that by decreasing HOR_.BITS and increasing VER-81TS, 
the area of the cell can be significantly reduced. Things to consider with this technique are: 

1. The SRO[N] outputs must be connected to the SRl[N+1] inputs on the schematic. 

2. This type of configuration cannot be used for parallel to serial or serial to parallel 
conversion because only the top and bottom horizontal bits can be accessed. 

3. Maximum clock frequency is limited by (tckpr + 'tdsu) or (tckpw 1 + tckpwh), whichever 

is greater. 

The area to implement a shift register out of SRBN cells can be approximated as two times 
the area of the SRBN cell (35.4 mils2/cell) plus the area of any buffering needed. Therefore, 
the area to implement a 32 bit shift register using SRBN cells would be at least 1134 mils2. 

Using SHFTGEN with VER_BITS=1 and HOR_BITS=32 would actually create a layout that is 

bigger than the SRBN implementation. The other two SHFTGEN configurations will produce 

smaller layouts. 

32 BIT SHFTGEN CONFIGURATIONS 

VER_BITS HOR_BITS 
1 

2 
4 

32 
16 

8 

AREA 
1615 mlls2 
984 mlls2 
680 mils2 
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ViGen CONFIGURABLE FUNCTION 

Parallel to Serial and Serial to Parallel Conversion 
All SHFTGEN configurations must include the shift right option. If SHFTGEN is used to do 

parallel to serial or serial to parallel conversion, the shift right and shift down options 

should be used instead of the shift right and shift up options. Due to the layout 

methodology, the addition of the shift down option to the shift right option will result in no 

increase in cell size because the shift down transfer gate on the input multiplexer fits into 

an unused area of silicon in the shift right only shift register. 

Naming Conventions 
ViGen will automatically create a defauJt cell name for each unique SHFTGEN configuration 
with the configuration information encoded in the following manner: 

SG hor_bits X ver_bits sLopt su_opt sd_opt sren_opt slen_opt 

Therefore, the default names for the two example shifters would be: 

Limitations 

SG32X1600000 
SG16X400110 

QUICKSIM Save and Restore functions will not currently operate with generated cells. 
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SRAM m x n 
ViGen CONFIGURABLE FUNCTION 

VS1500 High Speed SRAM 

GENERAL DESCRIPTION 

• Modular SAAM allows flexible 
organization 

• Array sizes from 16 to 1 024 words of 1 

to 16 bits 

• Access and Cycle times from 11 ns to 

22ns, nominal conditions 

• Asynchronous operation - requires no 

clock 
• Low power dissipation when unselected 

Inputs: 
Outputs: 

CE, LC, OEB, WEB, AD(k), DIN(n) 
DOT(n) 

SYMBOL 

The symbol for SAAM will be unique for each 

configuration. An example is shown here 

only for reference. 

ADDAESS_WIDTH=k DATA_WIDTH=n 
CE 
LC 
DEB 
WEB 

AO lk-l 1 lill 

DINln-ldll 

SRRM 
DOT Cn-1 :Ell 

NUMJJORDS= M 

This SAAM supercell complements the clocked RAM in the standard cell library by offering higher 

speed at the expense of greater power dissipation. Independent input control lines provide cell 

enable, output data latching, and output tristate capability. 

INPUT PARAMETER RANGES 
INPUT ALLOWED 

PARAMETER RANGE 

Num_Words 16 - 1024 
multiple of 16 

Word_ Width 1 - 16 

Rev. 1.0 

EXPLANATION 

The memory array is organized as "m" words of "n" bits each 
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ViGen CONFIGURABLE FUNCTION 

INPUTS/OUTPUTS 
PIN NAME FUNCTION 

INPUTS: 
CE Cell Enable 

LC Latch Control 

OEB Output Enable Bar 

WEB Write Enable Bar 
AD (k) Address Bus 
DIN (n) Data Input Bus 

OUTPUTS: 
DOT (n) Data Output Bus 

* The capacitance for LC varies with word width. 
The value given is for a 16-bit wide word. 
C - 0.32 + 0.07*n 

FUNCTIONAL BLOCK DIAGRAM 

CE 

ROW 
ADDRESS 

AD Uill -RO (k-1.!l 

COLUMN 
ADDRESS 

3 

RD !k-31-AD Ck-ll 

CE 

WEB 

LC 

OEB 

cc 
UJ 
Cl 
0 
u 
UJ 
Cl 

:I: 
0 
cc 

COLUMN PULLUPS 

8n 

"' >< n 
MEMORY 
ARRAY 

8n 

COLUMN DECODER 

n 

DATA OUT DATA IN 
DOT!8l- DINC8l­
DOT !n-ll DIN Cn-ll 

CAP (pF) 

1. 14 

1.44* 

0.34 

0.23 

0.46 

0.24 

0.10 
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READ CYCLE 

ADDRESS ADDRESS VALID 

CE 

OEB 

too 
tOE tOH 

DATA OUT DATA VALID 

LC t\RD~ ~\LC 
LATCHED DATA=>1:==N=E=W==D=A=T=A==================== DATA OUT OLD 

Read Cycle Timing for a 256 x 8 Array 

Switching Chorocteristics (Input tr. 

SYMBOL PARAMETER 
NBMINAL V D=SV 

tRC Read Cycle TiMe 111. 0 
tACC Address Access TiMe 11'.0 
tCE Cel 1 Enable TiMe 11'.0 
tOH Doto Hold TiMe 0 
tOE Output Enable TiMe 5.9 
too Output Disable TiMe 5.9 
tRD LC Reod Doto TiMe 0 6.5 
tLC Latch T1Me 0 

Rev. 1.0 

tf=l.Llns. CL=8. Spfl 
WORST CASE 
VDD=Ll.SV 

28.7 29.9 33.6 
28.7 29.9 
28.7 29.9 

0 0 0 
12.2 12.7 
12.2 12.7 

0 13.1' 0 11'.0 0 
El El 0 

Vl 
I-

z 
:::> 

ns 
33.6 ns 
33.6 ns 

ns 
n. 3 ne 
lY.. 3 ns 
15.7 ns 

ne 
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WRITE CYCLE 

ADDRESS ADDRESS VALID 

CE 

WEB tWE 
t CD -----11~ 

tow 
tDH 

WAITE DATA 

Write Cycle Timing for a 256 x 8 Array 

Switching Cnorocteristics (Input tr. tf=l.l:lns, CL=8. Sp Fl 

SYMBOL PAAAMETEA 

tWC Write Cycle Ti Me 
tCW Cell Enoble TiMe 
tAW Address Write Morgin 
tWE Write Enoble TiMe 
tWA Write Recovery Ti Me 
tow Doto Write Ti Me 
tDH Doto Hold TiMe 
tAW Aeod ofter Write Ti Me 
tCD Doto Hi n frOM CE Low 

NCR VS1500 Generator 
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NOMINAL WORST CASE 
VDD=SV VDD=l:l.SV 

10. ij 21.2 22.1 2ij.a 
10. ij 21.2 22.1 2ij.a 
ij. 3 a.7 9.1 10.2 
ij. ij 9.0 9. ij 10.5 
1. 7 3.5 3.7 ij. 1 
ij. 1 a. ij a.a 9.a 
3. ij 7.0 7.3 a.2 

a.0 16.5 17.2 19.3 
17.3 35.6 37.1 ijl. 6 

en 
I-

::z: 
=> 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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TIMING PARAMETERS AND CELL SIZE AS 
FUNCTIONS OF INPUT PARAMETERS 

1. The input parameters are: NUM_WORDS and DATA-WIDTH. CL is the maximum capacitance in pF 
of the data output bus. ADDRES5-WIDTH is log2 (NUM_WORDS) rounded up to the nearest integer. 

2. Timing parameters are specified for nominal process, Vdd - 5.0 volts, and temperature - 25°C. 
See the NCR ASIC Data Book for information on derating factors for process, voltage, and temperature. 
3. The coefficient of CL is 0.47 for NDLH, and 0.41 for NDHL. 

PARAM DESCRIPTION TYPICAL VALUE (ns) 

trc 

tacc 
tee 

toh 
toe 
tod 
trd 
t,tc 

twc 

tcw 

taw 
twe 
twr 
tdw 

tdh 
trw 

tcd 

Read cycle time 

Address access time 
Ceil enable time 

Data hold time 
Output enable time 
Output disable time 
LC read data ti me 
Latch time 

Write cycle time 
Ceil enable time 

Address write margin 
Write enable time 
Write recovery time 
Data write time 

Data hold time 

Read after write time 
Data high from CE low 

Rise time 
Fail time 

Cell Width (mils) 

for DATA_WIDTH S: 4: 

10.0 + 0.22*DATA_WIDTH + 0.0078*NUM_WORDS + 0.47*CL 
10.0 + 0.22*DATA_WIDTH + 0.0078*NUM_WORDS + 0.47*CL 
10.0 + 0.22*DATA_WIDTH + 0.0078*NUM_WORDS + 0.47*CL 
0 
5.7 + 0.47*CL 
5.7 + 0.47*CL 
6.3 + 0.47*CL 
0 

8.22 + 0.127*DATA_WIDTH + 0.0043*NUM_WORDS 
8.22 + 0.127*DATA_WIDTH + 0.0043*NUM_WORDS 
2.14 + 0.127*DATA_WIDTH + 0.0043*NUM_WORDS 
4.38 
1.70 
4.09 

3.41 

7.8 + 0.47*CL 
17 .1 + 0.47*CL 

1.25 + 0.66*CL 
1.28 + 0.40*CL 

- 1.6 + 7.3*DATA_WIDTH + 1.04*AODRES8-WIDTH 
for DATA_WIDTH > 4: 

= 4.7 + 7.3*DATA_WIDTH + 1.04*ADDRES5-WIDTH 

Cell Height (mils) - 14.0 + 0.146*NUM_WORDS 
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APPLICATION NOTES 

General Description 
The modular High Speed 1 .5µ SAAM Supercell provides a means of adding high speed 

random access memory to a standard cell design. The asynchronous operation and familiar 

control interface makes this supercell similar to a stand alone static RAM device. 

Read Mode 
To read the High Speed SAAM, enable the cell (CE high) and assert the desired address. The 

SAAM Is asynchronous and requires no precharge cycle between operations. The read data 

is gated to the output drivers when the LC signal is high and may be latched by bringing 

LC low. The output drivers are enabled when OEB is low and are in a high impedance state 

when OEB goes high. This allows easy interfacing and bidirectional 1/0 if desired. 

The Latch Control signal (LC) operates independently form the Cell Enable signal (CE). If 

LC makes a transition from high to low while CE is low, all 1s will be latched into the 

output latches. 

Write Mode 
To write the SAAM, enable the cell (CE high), assert the desired address, and pulse the write 

enable bar signal (WEB) low. The data from the data inputs will be written to the memory 

array. 

Power Dissipation 
This SAAM supercell uses a truly static design approach commonly seen in stand alone 

devices. This approach allows the advantage of asynchronous operation with the 

corresponding faster cycle times at the expense of higher static power dissipation. The IDD 

current draw will depend on the number of bits per word, but will nominally be in the tens 

of milliamps range. The SAAM may be placed into a very low power mode (less than 100uA 

IDD) by bringing the CE signal low. This places the cell in a low power mode that is 

suitable for battery backed memory storage. 

SAAM DC IDD CURRENT (Nominal Conditions) 

For DATA_WIDTH ::;; 4 

IDD READ = 2.7 + 3.3*DATA_WIDTH mA 

IDD WRITE= 2.7 + 4.5*DATA_WIDTH mA 

For DATA_WIDTH > 4 

IDD READ • 5.4 + 3.3*DATA_WIDTH mA 

IDD WRITE - 5.4 + 4.5*DATA_WIDTH mA 

IDD WITH CE LOW < 100uA 
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Designing for Testability 
Test programs for ASIC components must be able to verify that all circuit elements In the 
design are functioning properly. This includes verifying the functional correctness of the 
design and detecting faults caused by manufacturing defects. There are many methods to 
improve the testability of a component, all of which involve trade-offs in the amount of 
extra logic required, the resulting test time, and the degree of test coverage. A highly 
recommended method for the SAAM is to multiplex the address, control, and data lines to 
the external part pins during a test mode. This allows direct control and observability of 
the SAAM during test. In pin limited situations, the use of scan registers to shift in the 
address and data and shift out the output may be desired. 

To adequately test the SAAM, the following conditions should be met as a minimum: 

1. Every bit must be written to both a one and a zero at least once and verified. 
2. The data output should change frequently between consecutive reads (a 

"checkerboard" pattern Is a good example of this). 
3. Use at least one pattern that will catch address decode faults. A good example of 

this is to write the address value to all locations in memory and then read back the 
results. Another example is to write the parity of the address to all locations and 
verify the results. The intent here is to catch faults in the address decode which may 
otherwise go undetected in a highly repetitive pattern. The "checkerboard" pattern is 
poor at detecting these types of faults. 

4. Write the entire memory first and then read back the results. The intent here is to 
catch any write or read disturb problems that may otherwise go undetected. This is 
most effective on a highly unrepetitive pattern such as the one used for address 
decode fault checking. 

Naming Conventions 
ViGen will automatically create a default cell name for each unique SAAM configuration. The 
name of each configurations is encoded in the following manner: 

SAAM num_words X data_width 

Two examples of default names are: 

SAAM256X16 
SAAM32X8 

Limitations 

Rev. 1.0 

The Mentor BLM will store all bits of a word to unknown values (X's) if any bit of a word is 
unknown during the write cycle. 
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NOTICE 
It is the policy of NCR Corporation to improve products 
as new technology, components, software, and firmware 
become available. NCR Corporation, therefore, reserves 
the right to change specifications without prior notice. 

To locate your local NCR sales representative or to 
obtain more information about NCR products, call the 

NCR Information Hotline. 
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